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ABS TRACT 
Six "be e ch gap" fo re sts in the Gr eat Smoky Mountains between 
Tenne s s ee and North Carolina were sampled fo r patte rn of stem distri­
bution and for ste m size and survivorship of Fagus g randifolia. Seve ral 
methods for appr oximating the adequacy of number of plots fo r stem 
count were c ompared in te rms of relative efficienc y. Stem count and 
bas al area of all spe cie s we r e  similar betwe en no rth-facing and s outh­
facing stands, and betwe'en mor e  ea st-facing and west-facing side s of 
the same stand. Mean density of live beech range d from 370 5 to 7835 
tr e e s  p e r  he ctare, and basal area ranged from 16. 1 to 33. 0 m2 per  
hectare. For living and dead stems of all species  the mean dens ity 
range d fr om 620 0  to 8 515  stems per  he ctare,  but the basal area ranged  
from 39. 6 to only 40 .  0 m2 per  he ctar e. Ten randomly placed quadrats 
in each side of the stand provided measur e s  of variance  for stand data 
on sizes  of live and dead stems and inferr ed survivor ship. The di stribu-
tion patte rn of stems was also  studied in mapped transe cts 5 by 1 0 0  
mete r s  in each stand. 
The di stribution of size cla s s e s  of dead beech stems r eveal s a 
primary unstable size group (0. 1 to 6. 0 em) and primary stable , 
s e c ondary stable, and unstable size group s .  The general feature s  o f  the 
di stribution curve are  similar to tho se  with constant mo rtality rate s .  
ix 
The implications of the high mo rtality of s mall stems (0-6 em 
diamete r s ) and the high density and low density patche s for relea s e  
and c ompetition are  di scus sed. The mosaic patte rn of beech di s­
tribution is  thought to be the r e sult of cyclic r egeneration. 
X 
The proportion of dead beech is not diffe rent significantly between 
north- and south-facing slopes ,  but it i s  s ignificantly diffe rent among 
stands and between a spects within stand. No dir e ctional tr end can be 
demonstrated for asp ect diffe r enc e s .  The proportion o f  non-beech 
spe cies  was significantly diffe rent between no rth- and s outh-facing 
s lope s (21% vs. llo/o),  among site s,  and betwe en aspects within site s.  
The s e  diffe r e nc e s  when added to characte ristic s of the survivorship 
curve s and the di stribution of spruc e in the stands suggest  that the south-
facing stands are  unde r environmental str e s s. 
The di stribution of stems was studi ed by analysis  of variance and 
by Morisita' s (19 5 9) index of di sper sion analysis .  From the analys i s  of  
variance, s eve ral s izes  of  primary patche s and mo sai c s  we r e  detected 
in all stands. The r e gular  di str ibution patte rn  of individual stems and 
clumps of stems was revealed, as was some random di str ibution and 
s everal s cale s  of aggregated patte rn. No rth-fac ing site s had mo r e  
randomly distributed stems among all tree s  and among all bee ch. No 
random distribution was found in the subareas  neare s t  the ridge c re sts 
in the south-facing site s. Living beech was mor e  randomly di str ibuted 
than we r e  all tr e e s  or all bee ch. Morisita' s index r eveals similar 
patterns,  but it showed mo r e  r egularity of pattern. Gr eig-Smith' s 
(1964) method wa s mo re convenient for detecting and inte rpr eting the 
mo saic patte rn and for dete rmining ave rage size of clump and single 
clump ar ea. 
xi 
The c ompli cated structure and dynamic s of the s e  stands are  very 
strongly controlle d  by the r oot suckering of the sole dominant, beech. 
The dynamic s of the stands are r evealed  by infe r r e d  survivorship and 
mosaic patte rn  in different size cla s s e s  to be str ongly contr olled by 
c hanges  in mic ro - environmental patte rn  and competition during growth 
of c lump s .  Maintenanc e  o f  the s e  deciduous island communities  i n  the 
boreal conife r fo r e sts is po s sible largely because of rapid and cyclic 
r egeneration in a complicated mosaic.  
I. INTRODUC TION 
Bee c h  stands oc cupy s ome of the c oncave slopes  and the cols or 
s addle s of the r idge s  above 1372m (45 00 feet) in the range of spruc e-fir 
fo r e st (Picea rubens - Abies  Fras e ri) in the Gr eat S:mOky Mountains.  
These "be e c h  gap" stands are strongly dominate d by one deciduous 
species, Fagus grandifolia. He r e  gray beech populations (Camp 1 940, 
1 950,  1 951) differ  from the s egr egate populations of r e d  and white beech 
of  lowe r elevations by being smalle r  in  stature, by reproducing mo stly 
by sprouting, and in flori stic compo sition of stands (Whittake r  1 9 56). 
The gray beech for e sts are r e stricted to habitats which are s imilar 
in elevation, topogr aphy, and climate . The vegetational histo ry and 
deg r e e  of di sturbanc e of the for e sts have been infe rred by Rus s ell (1 9 5 3) 
and Whittake r (1 956) to be r elatively similar to eac h othe r .  The one 
species  dominanc e  and the spr eading form of the la::r�er tree s (de signated 
�'beec h  orc ·hard'J by ·local people) ·sugge st a ve getation which is  unde r 
environmental str e s s . The beech gap for e sts are  localized and commonly 
s harply demar cated from neighbo ring spruc e - fir stands. The s e  for e s t  
areas  ar e unglaciated and ther e  i s  no r e cord  o f  any cutting. The s e  c har­
acteristic s of the stands provide an exc ellent opportunity for quantitative 
e cological studies  on the following topic s :  
1 
2 
1. Measurement of diamete rs and numbers of tr ees pe r unit area 
pr ovides data which are pr e r e quisite for estimates of tree  biomass and 
chemical composition. Compute r analyses of the sampling var iability 
indicate the numbe r and size of plots requir ed to obtain these estimates 
within spe cified c onfidenc e limits. An analysis of varianc e also tests 
whethe r the r e  are significant diffe re nc es between and within the six 
beech stands selec ted fo r intensive study. 
2. Furthe r inte rpretation of the varianc e in nurnbers of living and 
dead tr ees of various diamete rs pr ovides quantitative measures of the 
non-random distributions which seem typical of beech gap stands. These 
stands provide inter esting areas fo r testing those methods of Gr eig-Smith 
(1 9 6la , 196lb, 1964), Ke rshaw (1 957, 1958) and othe rs which indicate the 
scale of aggregation by comparing variances of progressively large r blo c ks 
of plots with mean for the same block. Some causes of pattern are  suggested 
and may help futur e workers to relate these patterns to envir onmental factors 
or stand history. These local data also have more general inter est for 
c omparison of methods of expressing by Morisita' s index of dispersion (1 959). 
3.. A step towar d inte rpreting r egener ation a nd survival of  bee c h  trees 
is pr ovided by detailed analysis of the si ze distribution of living and dead 
stems. These r esults, and other studies of fo rest mass (Shanks and Clebsc h. 
1962) .. decay (Shanks and Olson 1 961) and productivity (Whittake r,  Cohen 
and Olson 1963) in the same vicinity are parts of a long-range effo rt to 
3 
under stand the proc e s s e s  which maintain natural vegetation. 
II. SITE DESCRIPTION AND SAMPLING 
A. Climate 
The mountain climate around 1524m (5000 feet) at Newfound Gap is 
near the bo rder of the super humid climate of the Thornthwaite (1931} 
clas sification. Mean annual pr ecipitation value s are gr eate r than 2032mm 
{8 0 inche s ) .  Pre cipitation exc e eds evapo-transpiration around the year 
exc ept in rare drought year s .  Mean monthly precipitation value s range 
from approximately 127mm (5 inches )  to 330mm (13 inche s )  with the 
minimum in September and the maximum in De cemb e r  and January.  
0 . 0 Mean annual air temp e rature value s range from 7.  2 C (45°F) to 9. 5 C 
(49°F). The temperature average s 12. 2°C to 9. 4°C (10° to 15°F) c ooler 
than at the bas e  of the mountains during the gr owing s eason (Shanks 1 954). 
Snow depths approach 1 m in s ome year s but typical depths obs e rved in 
thr e e  s ite s around Newfound Gap in De cember 1 962 we r e: 20-23 em on 
the north slope of s ite 4,  uniform 7 em at site 1 ,  and a patchy 3- 4 em at 
site 2 on the south slope. The extr eme variability of the weather during 
winter,  occas ional late frost  (May in 1 961) and complexity of topography 
in the area are  noteworthy. 
4 
B. Sub stra te 
Most oi the rocks of the study area are refe r red to the Ocoee s e rie s 
and were depos ited in pr e - Cambrian time . They are clastic metamorphic 
s e dimentary rocks,  predominantly of feldspathic s ands tone s,  dark s ilt-
stone s and conglomerate (Stos e  1 949, King e t  al. ]958}. 
Soil s in this area have been broadly clas sified in the Rams ey s e ri e s .  
Ramsey s oil s are  azonal and belong to Lithos ol great soil group (U. S • 
. 
Department of Agricultur e 1 9 56). Special studies  (Mc Cracken, Shanks 
and Clebs ch 1 962) in the r e s earch area have identified  beech gap soils as  
Sol  Brun Acide .  They are s imilar in many r e spects to  the Sol Brun Acide 
unde r spruc e -fir .  Diffe renc e s  are principally in composition o f  the humus 
layer and fr ee  iron content. The Sol Brun Acide of the beech gap s i s  
characterized b y  duff mull surficial s oil material, a r elatively thick and 
granular A1 horizon and a B ho rizon diffe rentiated by color but not by 
r elative ac cumulations of layer silicate clay or iron. The s oil i s  highly 
acid and extremely weathe red, as indicated by extreme alte ration of the 
feldspar s and chlorite of the parent mate rials to ve rmiculite, intergra-
dational ve r miculite-chlorite with some kaolinite and a s mall amount of 
gibbsite, but without clay or  iron translo cation-accumulation. The s oil 
is ve ry low in bas e  status (Mc Cracken, Shanks and Cleb s c h  1 962). 
5 
C. Field Pr oc edur e 
Random sampling was used for determining adequate size and num-
., . 
. ', � . 
ber  of plots and c omparing the efficiency of s everal differ ent sampling 
methods . For the s tudy of horizontal distribution patterns of individuals  
o r  stems , s ystematic sampling was al s o  used. Data obtained  thr ough 
random s ampling were als o  analyzed for the study of horizontal distri-
bution, survivo r s hip and othe r aspects of the vegetation. 
In the c e nte r of each stand a ground line of 100  mete r s  length was 
marked with one-meter inte rvals from the foot towar d the ridge.  By 
using a pair of random numbers  to e stablish grid c oordinate s  (Fisher 
and Yate s 1943)  ten imaginary g rid units in both the east  and west  parts 
of the stand were determined randomly on paper  in advanc e of sampling 
from a total of 40 to 100 imaginary grid units .  Eac h  sampling position 
was dete rmined by pacing from the ground line (Fig. 1). 
A " collap sible" quadrat of 100 squar e meter s (divided into four sub-
plots of 2 5  s quar e  mete rs  each) proved very convenient for s ampling this 
kind of vegetation. A ten-mete r pegged string with a c ente r  mark con-
stituted one axis of the plot. The other c onsisted of two 2. 5 mete r s ticks 
marked at 0.1  m inte rvals .  The ar rangement is  shown in  Figu re 2. 
Within the subplot each tr e e  and s hrub taller than 1. 37 m {4. 5 feet) 
was c ounted, the diameter at breast height 1. 37 m or 4. 5 feet (he r eafter 
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calle d dbh) was measured, and spe cies  was marked as  to whethe r live or  
dead. The s e  ob s e rvations were r e c orded s eparate�y for each of the four 
5 x 5 m subplots . 
The belt transect  with the size of five-mete r s  width and 100-meter s  
length was e stablished along the ground line mentione d before .  By holding 
and moving the five-mete r stick along the ground line, the position of 
each live or dead tr e e  was deter mined and the dbh was r ec orded on the 
graph paper. The position of tr e e s  and shrubs taller than 1. 37 m (4. 5 
feet) was al s o  r e c orded on the graph paper  with the s c ale of one hundredth. 
The position of ground line was marked for pos sible future refer e nc e  or 
r eloc ation with paint, by white adhe sive tape and through blaze mark cuts 
on the bark. 
Vegetation was sampled at six locations along the slope near the 
r idge c re sts of the high elevation of the Great Smoky Mountains near the 
state borde r of T enne s s e e  and North Carolina {Fig. 1) 
D. Stand Locations 
Beech Stand 1. 
The stand lie s about 0. 5 km (0. 3 miles) west  of Newfound Gap at 
0 I I I 0 I II 83 26 07 W, 35 36 38 N. The eleva.tion ranges  from approximately 
160 0  m (52 5 0  feet) to 17 0 0  m (5500  feet). 0 The slope (30 } faces to the 
southwest  {197°). 
1 0  
Beech Stand 2 .  
This stand lie s about 1 km ( 0. 7 mile s )  at 8 3 ° 26 1 1 9 11 W, 3 5 0  36 1 
3 9 1 1  N west of Newfound Gap. The elevation range is  s imilar to that in 
Stand 1. The slope {31 0) face s  southeast (143 °) .  
Beech Stand 3 .  
This stand lie s in about 4 km (2.  5 mile s )  north-northeast  from 
Newfound Gap at 8 3 ° 23 1 3 i1 W, 3 5 ° 37 1 3 0 11 N. The elevation ranges  
about from 17 5 3  m { 57 50  feet) to  18 29  m (6000  feet) . The slope face s  
due south. The average slopes  are 21 °, 1 9 0, 1 3 °, 10 ° and 14 ° in 20 m 
sections from the lower part of the slope to the ridge cre st. The outline 
of the slope is  curved inward, but is  not concave . 
Beech Stand 4 .  
This stand lies  about 0 .  3 km (0.  2 mile s )  northea -St of Newfound 
Gap at 8 3 0 2 5 1 2 3 11 W ,  3 5 ° 36 1 4l11N. The elevation ranges  fro m 1 524 m 
(5000 feet) to 1600 m ( 5 250  feet).  The slope faces  northwest  at 315 ° 
within the range of the elevation mentioned. The slope ranges fro 'm 2'6 ° 40 1 
to 28 ° 30 1 from the foo t  of the slo pe tb the top. The .he i s  a s light depr e s ­
sion b etwe en·the east andwest s ides of the stand. 
Beech Stand 5 .  
This stand lies about 1 km (0 .  7 mile s )  we st  of Double Spring Gap 
1 1  
" 0 at 8 3° 3 3' 0 3  W, 3 5  3 31 48 " N. He re the elevation ranges  from 1600 m 
{52 5 0  feet) to 1661 m (5450 fe et) in the sampled ar ea. The slope face s  due 
north. The average slope s of sectio ns a're•:J.:2G>i '1'6°�, 115°1 an'd: 8°, 
from the lower part of the slope to the ridge,  with the intervals of 0 - 1 5  m, 
1 5  m - 40 m, 40 m - 70 m, and 70 m - 100  m r espective ! y. There  i s  no 
noticeable change in slope aspect from west  to east. This beech stand i s  
fairly extensive and is  bordered by spruc e -fir  stands on the lower edge. 
Beech Stand 6. 
This stand lie s  about 1.  3 km (0. 8 miles )  west c:i Double Spring Gap 
at 8 30 3 3' 12" W ,  3 50 3 3' so" N. The ave rage slopes  are 180, 21°, 160, 
and 1 2° from the lower part of the slope to ridge for the intervals of 
0 - 2 0 m, 20 m - 40 m, 40 m - 8 0  m, and 8 0  m - 100  m. re spectively. 
The east and west  aspects are flat. This beech stand i s  contiguous with 
the we st  side of the former stand, and is larger than beech stands 1 to 4. 
It i s  bordered by spruce -fir stands below. To the we st, thi s beech s tand 
is  bordered by a relatively mature buckeye s tand. 
III. STAND COMPOSITION AND BASAL AREA 
The s ix stands , cho s en subjectively to repre sent typical variations 
of the high-elevation Appalachian beech fore sts ,  illustrate their general 
uniformity in several respects.  They also  illustrate r eal differences  
that do exist  between stands and within stands.  The design of thi s 
sampling of the present study provide s the firs t  opportunity for systematic 
statistical analysis of means and varianc e s  for counts of trees  and basal 
areas . The same data provide a basis for judging the efficiency of 
sampling methods applied her e ,  and sampling strategie s  that might be 
used in the future in this or similar vegetation (Chapter VIII) . 
A. General Stand Characteristic s 
One similarity of all stands ( Table lA) i s  the unusually high density 
of individuals [ave raging 6 618 per hectare ,  or 267 9 pe r acre , including 
live and dead stems at the level of 137 em (4. 5' height�. A few per c ent 
of thes e  are double stems from the same individual at ground level, or 
dead stems which are treated separately below. A s econd s imilarity, 
the high percentage of beech stems (7 2 to 95 per cent) ,  illustrates the 
degree  of prevalence of this s ingle s pecies  typically found in many 
similar high- elevation deciduous stands . Here the tre e s  a s sociated 
with beech consistently include r elatively few species ,  but their 
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density (Table IA) and bas al area (Table IB  ) vary considerably among 
sample stands and between other stands of the region (Whittake r 1956) . 
Depending on the bas al area of these  as sociated species ,  the beech varies  
more than two-fold in  counts (37 05-78  38  per hectare) and basal area 
2 (16. 7 9  to 35 . 1 3  m / hectare) .  The basal area of all species ,  however ,  is  
r elatively uniform (3 1. 5 to 40 m2 / hectare ,  or  3 3 9.1 to 430.  6 feet per acr e) .  
The s tatis tical significance of the differences  i n  Table I i s  shown 
by Duncan' s multiple range test (from LeClerg 1 957) .  For beech stem 
counts (Table IA) and bas al area (Table IB ) those value s which are 
underlined by the same line are not significantly differ ent from one 
another .  The pos sibility of a general differ ence between s ites 1 - 3 on 
south slope s and s ites 4- 6 on north slope s will be tested, along with 
other sources  of var iation, in the following section on analysis of 
variance .  
The differ ence s  between the east and west  s ides of each stand are 
indicated for both density and basal area of beech in Table II . Vari•  
ability between randomly s elected quadrats on each s ide is  reflected in 
the width of the confidence interval which has a 95 per cent probability 
of covering the true mean for each side of each stand. The compara-
tively small number s  of beech greater than 5 em (2 11) ,  and_ g r eate.r than 
10 em ( 4 11} of course  reflect the large number of small stems . The se  
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Table I .  Comparison of Stem Counts and Basal Area for Six Beech 
s tands in the Great Smoky Mountains.  
Species 
All stems 
Beech(all) 
Beech(live) 
Birch 
Buckeye 
Spruce 
All s tems 
Beech(all) 
Beech(live) 
Birch(all) 
Buckeye (all) 
Spruce (all) 
Stand or Site Number 
A.  Density (Stem counts/hectare) +, ranked in order  for all . tT spe c 1es  
4 
6200 ab 
37 0 5  
347 5 
6 
5 7 3 5  ab 
48 90 
3 99 5  
2 
5450 
b 
5 1 8 0  
4640 
3 
67 90 ab 
5445 
48 2 5  
1 5 
7 020 8 5 1 5 
a::!-++ 
6 57 5  7 8 3 5  
5 610 6860 ----=========:=====-_;_:_,:_;,._; 
345 1 3 0 
5 2 3 5  
440 2 1 5  
1 5  
7 5  
5 5  
1 0  
0 
3 5  
5 45 
2 5  1 5 5 
1 45 220 
2 2 2 2 2 B .  Basal area (m /hectare ,  dm / 100  m plot , or em 1m ) 
for stands ranked in the order for beech 
4 2 
39 . 600  3 1 . 540 
1 6. 7 90 25. 31 0 
b 
1 6. 1 02  24. 240 
1 3. 7 3 3  • 002  
• 000 3 •. 2 50 
6. 5 92 3. 7 5 0  
6 
38 .  920 
27 . 1 20 ab 
24. 430 
3. 36 0 
5 .  265  
1 .  42 9  
5 
34. 730 
26.  290  
b 
24. 6 6 1  
• 1 05 
5 .  278  
2. 1 6 5  
3 
37. 740 
3 1 . 1 2 0 
� 
2 9. 8 97 
• 524 
o. 8 1 8  
o. 946 
1 
40. 040 
35 . 1 32 
a 
33. 034 
• 1 1 6  
2 .  5 1 1 
1 .  366 
+ Multiply by 0. 4 for stems/ ac re. 
+ +Differences  not s ignificant for number s included in s ame 
underlining .tested by  Duncan's mult iple range test .  (LeCle rg 1 9\57 ) .  
++ +Value s with the s ame letter not significantly different. 
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Table II. Mean density and basal area for beech size clas s e s .  
Density, stems/hectare 
Size East  s ide W e st side 
(dbh) 95% 95% 
Basa� area (m / 2ect2r e )  
( m  / hg) = (em / m ) 
East side West  s ide 
95% 9 5% 
Aspect em Mean Limit Mean Limit Mean Limit Mean Limit 
South 
all 6 2 8 0  ±1034 687 0 +1122 2 9. 24 ±4. 22  3 8. 43  ±10. 3 9  
1 >5 1190 18 9 840 18 7 27 .  13 4. 17 35 . 7 0  1 o. 6 1  
>10 8 6 0  16 1 580  0 9 9  25.  56  4.  06  34. 84 10. 6 5  
all 5 92 0  ± 948 4440 ± 967 27 . 7 7  ±6. 0 1  22.  8 6  + 5. 7 8  -
2 >s 8 5 0  27 3 8 0 0  1 5 0  24. 3 2  5. 9 3  2 1. 0 1  s. 56 
>10 6 2 0  204 6 3 0  153 23. 46 5 .  8 6  20. 2 8  5 .  5 5  
all 5 2 6 0  ± 7 96 5 6 3 0  + - 8 2 9  3 3 . 8 6  ±4. 57 30 . 38 ± 7 . 15 
3 >5 16 5 0  177 17 10 5 27 2 9. 56  3. 97 26. 90 7. 0 3  
)lQ 900 153 10 5 0  3 3 5  26. 8 6  4 .  7 2  24. 13 6. 92 
North 
all 4 940 ±1587 247 0 + 8 43 18. 07  ±6. 7 8  15.  52  ± 6. 44 
)5 
-
2 16 6 .  5 3  4 5 6 0  16 9 490 16. 2 3  6 .  3 8  14. 40 
>10 47 0 132 3 7 0  17 9 15. 84 6 .  38 13. 93 6. 45  
all 8 340 ±17 2 1  7 3 3 0  ± 87 2 24. 3 0  ±3. 68 27 . 90 ± 3. 44 
5 >5 147 0 3 0 1  13 90 267 19. 9 1  4. 0 9  24. 6 0  2 .  92 
>iO 540 137 8 2 0  15 9 16. 88  4.  65  22 .  57 2. 8 5  
all 5840 ± 57 4 3 940 ±113 2 27 . 80 ±4. 17 26. 44 ± 7 . 7 8  
6 )5 1340 3 2 1  1320 5 3 3  2 5 .  10 4. 6 6  2 0. 7 7  6 .  6 4  
> 10 7 2 0  108 5 10 191 22. 7 4  4. 37 17 . 8 6  6 .  0 8  
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are mo stly as sumed to be of sprout origin. 
Table II confi rms that s mall stems and saplings provide a small 
fraction of the basal area, as expe cted, Beech gr eater than 25  e m  (10" ) 
are few enough that they also contribute little to total basal area. The 
largest  individuals of some specie s are a 93  em yellow bir ch  (Betula 
alleghaniensis )  in stand 4,a 38 em red maple (Ac er rubrum) in stand 6 ,  
a 5 0  em buckeye (Ae s culus octandra) in stand 1 ,  a 54 em red spruce 
(Picea rubens)  in s tand 4, and a 5 9  em silve rbell (Halesia carolina ) 
in s tand· 2 .  Howeve r ,  the numb e r s  of  the s e  a s s o ciated 
specie s are not s ufficient to contribute a large fraction of the basal 
area (Table I) except for yellow birch on s ite 4 (13. 7 m2 I he ctar e) .  
B .  Homogeneity of Varianc e Among Stands 
In the s e ctions following , the analy sis  of variance will be used to 
examine whethe r diffe rences between the means of count s and basal 
areas are greate r than would be expected among random samples  
drawn from the same population. The probability s tatements of tho s e  
te sts  depend o n  the a s sumption that the variance s  around the means are 
the same fo r the populations who se means are being compared. Bartlett ' s 
te st  (Sne de cor 1 95 6) was ther efore  applied fir st  to te st  whether the re are 
differenc es  among the six s tands in their variance s .  
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Diffe renc e s  in sample varianc e for counts of all tree s ,  all 
be ech and live beech we re not sufficiently gr eat to indicate significant 
diffe rences  in the varianc e s .  Howeve r ,  c ounts of dead beech conside red 
s eparately we r e  nipre highly•.Var:iable in som•e:s tandsitha:n in'-Gthe r s .  
Varianc e s  i n  basal area fo r total beech and live beech appeared to 
be homogeneous , but the re were significant differenc e s  in varianc e for 
basal area of all specie s on 10 x 10 m quadrats and on one set of 5 x 5 m 
subquadrats .  Thi s pre sumably reflects  une qual local di stribution of 
large tre e s  of speci e s  othe r than be ech (Appendix A) . 
C .  Analysi s  of Varianc e o f  10 x 10 m Plots 
The varianc e s  for untransformed variable s of counts and of basal 
areas were partitioned into s eve ral sour c e s  given by the s o - called 
fixed model (Type 1) analysis  of varianc e .  Compari sons a r e  intended 
for c ontrasts between the spe cific facto r s  of north ve r sus s outh aspect ,  
among the thr e e  s elected stands within each aspect,  and between east 
and west side s of each stand. Random sampling was made within each 
of the side s  with ten quadrats  on eithe r side of the cente r line for each 
s tand, as  shown in Figure 1. 
The chance variable x.. (either counts or basal area) i s  as sumed lJmn 
to repr e s ent the summation of a grand mean x . . . . plus or minus devia-
tions due to three  facto r s  -- N-S aspect (i = 1, 2) , individual stand 
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traits (j = 1, 2,  3), E-W side (rn = 1, 2) - - and individual quadrat variations 
(n = 1, 2, • • •  , 10) for each c ombination of the s e  thr e e  facto rs .  Table IliA 
give s the means for each combination of facto rs., while Table IIIB give s 
the analys i s  of varianc e to te st  the signific�nce of diffe renc e s  betwe en 
the s e  means. For the Type 1 analysis  of variance ,  the varianc e s  (or 
mean s quar e s ,  M. S. in Table IIIB) are compared with the varianc e 
among plots to s e e  whether their ratios  (F) are significantly lar ger than 
the value of 1 which would be expected if there  we r e  no differenc e between 
N-S aspect s ,  stands or E-W sub - aspects . 
For c ounts of all s terns , neithe r the north- south c omparison nor 
the east-we st  c omparison had a significant effect, but there was a highly 
s ignificant diffe rence among stands which was not ac counted for by the 
N-S c ontr ast, confirming r e s ults of the multiple range te st  (Table 1) . 
For basal area of all sterns, the F ratios of varianc e s  fo r all factors 
divided by varianc e among plots we re le s s  than one . A s  anticipated, thi s 
could be due partly to heterogeneity of var ianc e among samples from six 
s tands .  Neve rthele s s ,  the te st i n  Table IIIB tends to confir m the irnpre s ­
sion from Table IliA that mean basal area (for all specie s taken togethe r) 
i s  remarkably constant for the stands cho sen. Because the se six s tands 
we re  not randomly sample d, the stati stical analysis  cannot be generalized 
as repres enting all high elevation beech s tands in the Gr eat Smokies  or 
othe r Southe rn Appalachian mountains . On the other hand, it is  quite 
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Table III. Analysis  of c ounts and basal area for all s tems . 
Aspect 
Ste!ll3 / 10 0  m2 
Side 
A. Means for 10  x 10  m plots 
South E w Mean 
1 66. 0 7 4. 4 7 0. 2 
2 61 . 6 47 . 4 54. 5 
3 70. 2 6 5 . 6 67 . 9 
Mean 64. 2 
No rth 
4 65.  3 58.7 62 .  0 
5 88 . 4 8 1 .  9 85.  1 5  
6 68 . 6 46. 1 5 7 .  3 5  
Mean 68. 1 6  
Grand mean 66. 1 8  
B. Analysis  of variance 
2 Basal area dm I he ctare 
Side 
E w Mean 
32.  03  44. 40 38 . 21 
30.  92 32. 1 7  31 . 54 
36. 7 1  38. 7 7  37 . 7 4  
3 5 ,. 8 3 
43.  52  3 5. 67 3 9. 6 0  
34. 5 3  34. 8 9  34. 7 1  
35 . 7 7  42 . 07 38. 92 
37 . 74 
36 . 7 9  
Sourc e  of Counts Basal Ar ea 
var iation d. £. s. s. M. S. F s. s. M. S.  F 
Between N-S s ite s 1 47 2 .  0 47 2. 0 3  1.04 1 0 9.3000 1 0 93000 < 1 
Among stands 
within aspect  N-S 4 1 1 7 44. 8 2936. 20  6.  46):�):� 8 34.7 8 00 208�6900 <1 
Between E - W  6 4427 . 1 7 37.  8 5  1.6 3 1 30 1.4600 2 1 6.9100 <1  
Among plots 1 08 491 22. 0 454. 8 3  2 5 6 14.8 0 00 237 .1700 
Total 657 65 .  9 278603400 r 
��* 1 o/o level of s ignificance 
2 0 
cons i stent with the gene ral impr e s sion of similarity of many stands bas ed 
on inspection by other botanists  and for e ste r s .  
Table IVA summariz e s  the means for live beech. The varianc e 
ratio F in a complete analys i s  of varianc e like that of Table IIIB again 
showed significant differ enc e s  among stands within no rth and south slope 
group s .  In Table IVB (and IVC which is  similar)  the degree  o f  freedom 
for N-S slope,  4 degr ees  of freedom between stands within slope s ,  and 
the c or r e sponding sums of s quar e s ,  have been combined to give a s ingle 
improved e s timate of varianc e among all six s tands.  For all live be ech 
(as for all trees in Table ill) there  was no s ignificant differ enc e between 
the east and we st  s ide s (or s ub - aspects ) within each s tand, for either 
counts or  basal areas.  For total beech, live plus dead, the analysis  in 
Table IVC s hows no significant diffe renc e  between side s for basal ar ea. 
The diffe rence is s ignificant for counts - - presumably due to s ome 
differ enc es  in di stribution of beech (especially dead beech) betwe en 
east  and we st side s of site s 4 and 6 ( s e e  als o Table II). 
For counts and basal area of live beech and total beech and counts 
of all tre e s ,  differ ence s among stands we re significant at the one p e r  
cent level, even though differ enc e s  in ba sal a r e a  for tot al t r e e  specie s 
had not been significant (cf. Table IIIB) .  The s e  te sts thus s ummarize 
differ enc es  that we re shown s eparately by te sts of means in Table I. 
Table IV. Analys i s  of counts and basal area for bee c h. 
Sterns / 100  rn 2 
Side 
Basal ar ea, drn / 100 rn 
2 2 2 (ern I rn = rn / he ctare 
Side 
A. Means of live be ech for 10 x 1 0  rn plots .  
South E w Mean E w Mean 
1 54 58 56 28. 6 3  37. 43 33. 0 3 
2 50  42  46 26. 2 3  2 2. 2 5  24. 24 
3 48 48 48 3 1 .  32  28. 47 27 .  90 
Mean 5 0  2 9. 06 
North 
4 46 23  34 1 7 . 22 1 4. 98 1 6. 1 0  
5 7 0  66 68 22. 6 5  26. 67  2:4�6 6 
6 45 34 3 9  26. 7 4  22. 1 2  24. 43 
Mean 48 2 1 .  7 3  
Grand Mean 49 2 5. 3 9  
B. Analys i s  of varianc e for live beech. 
Sour c e  of 
variation d. £. s.s. M.S. F s. s. M.S. 
Among stands 5 1 4537 . 1  2907 .4  8. 4Pl� �� 3 3�6Jl300 67 12060 
Among plots 114 3 9409.8 345.7 1401 9.7 990 1229807 
within s tand 
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F 
5.45�0:� 
c. Analys i s  of variance for total beech ( s e e  Table II for means) .  
Sourc e  of 
variation d. £. s.s. M.S.  
Among stands 5 20482�4 4096. 5 
Between aspect 6 6703 .2  1 1 1 7 .2  
within s tand 
Among plots 108 43328. 0 40 1 . 2  
Among plots 1 1 4  5003 1 . 2 438.9 
within s tands 
�:� 5o/o level of s ignificance 
)��:� 1 o/o level of s ignificance 
F s.s. M.S. F 
9. 33>:o:� 3611.8800 7223760 5.66�c>:c 
2. 78 �:C 7 1M560 1 1 8:.1:000 0.98 
13845:7000  1 282000 
14556J 560  127.6855  
D. Analysis  of Varianc e for 5 x:5 Meter Subplot Cluste r s  
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A furthe r s eparation of  the plot varianc e was made pos sible by 
treating separately the data for the four quarte r s  of each 10 x 10 m quadrat 
(Table V) . The varianc e among " s ubplot s "  in Table V refe r s  to deviations 
of the value s for each quarter of a plot around the mean of the four sub ­
plots; the va rianc e among " plots " refe r s  t o  deviations o f  the plot means 
around the mean for the east and west side s for each stand. Some data 
on stem count s are  given in Appendix B. 
The r e s ults of Table V are quite diffe r ent for basal area and for 
stem counts .  For  basal area, the re is  no significant diffe r enc e for the 
variance among s ubplots ,  among plots o r  between s ide s of the same 
stand. The only significant hete rogeneity is among stands , as shown 
alr eady in Table !VB. 
By contrast ,  the re is s ignificantly gr eate r varianc e in stem counts 
among plot s than between subplots of the same plot. In othe r wo rds , if 
some subplot s of a plot tend to have num erous s tems,  othe rs  tend to also ,  
as  might be  expected if  there is  any biological or  environmental cluste ring 
of the type s di s cus sed  in Chapte r s  V-Vll. The s e  chapte r s  give furthe r 
attention to the magnitude of suc h  clus tering and its spatial patte rn 
within the beech s tands .  
On the othe r hand, a high basal area (�._a. , due to  large tr e e s )  in 
Table V. Analysi s  of variance for quarter plots (� 5 x 5 )m, for 
live beech. 
Sourc e  of 
. Js. s. variation �.f. 
Stems 1 25 m 2 
Among stands 5 3634. 28 
Between aspects 
within stand 6 957 . 8 9  
Among plots 1 08 88 94. 57 
Among subplots 
within plots 360 1 0061. 00 
Total 2 3 , 547 . 74  
Basal a r e a  (c m2 I 2 5  m2} 
Among stands 5 8 3 91 680  
Between aspects  
within s tand 6 1 7 977 90 
Among plots 1 08 33251 900 
Among subplots 
within plots 360  1208 90000 
Total 1643 3 1 37 0  
>:c>:c 1% level of significanc e 
M. S • 
M. S. symbol 
726 . 8 5  s2 s 
1 5 9. 64 2 sa 
82 . 36 s2 c 
27 . 94 s2 
167 8 336  s2 s 
2 9 9630  s2 a 
307880  s2 c 
3358 1 1 s2 
F 
s
2 
I s 2 = 8 .  8 2>:c* s c 
2 2 s I s  = 1. 93 a c 
S� I S2 =. 2. 94':o:c 
s2 1s2 = 5. 45** s c 
s21s2 = o 97 a c • 
8 2 182 - 0 92 c • 
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one s ubplot doe s  not imply a high basal area in other subplots. Even if 
the re is some tendency for trees  to cluster ,  the re can be a tendency for 
large trees  in one subplot to dec rease the chanc e for large trees  (and 
hence high basal areas) in othe r subplots of the same plot. Because of 
the importance of dis tributions of large and smalle r tree s ,  the s e  are 
tabulated s eparately in Appendix A. 
E. Chi- square Tests o f  Live and Dead Bee ch and Other Species 
Tests  for independence of obs e rved variable s on position were made 
using 2 by 2 tables  for between s ide (east  v�. west,  live vs . dead) for 
each s tand, and row x column table s  fo r comparison among stands 
(Snede cor  1 956) .  The null hypothe sis  is  that the per  c ent of diffe r ence of 
dead beech between east and we st  side is  independent of ei ther type of 
po sitional effe ct .  The null hypothe sis  i s  rej ected with a one per c ent 
risk of c ommitting a type 1 e r ror (fals e  rejection) in s ite s 2 ,  3 ,  5, and 6 .  
As s hown in  Table VI, the east  s ide rep res ents a very  s ignificantly higher 
pe rcentage of dead beech than we st  side doe s  in stands 2 ,  5, and 6 while 
the we st side shows a very significantly high p e rcentage of dead beech 
than the east  side in site 3.  The infe renc e  is  restricted to within site s 
sinc e the sites we r e  not s elected randomly.(Table VI) . 
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Table VI. Chi - squar e  analysis  showing ob s erved numbe r of dead 
and live beech. 
(Stand) 
Site Live beech spa Dead beech Fraction of dead Chi- s quar e  
A. 2 x 2 tables  between east  (E) and we st (W) s ide within each s tand 
1 E 544 84 • 1 34 1 .  62  . 0136  w 578 1 09 • 1 58 . 01 3 9  
2 E 508 84 • 1 42 20 .  96��>'� . 0143 w 420 24 • .  054 . 0107 
3 E 482 44 • 08 3 9. 2o>:o:� . 01 2 1  
w 48 3 8 0 • 1 42 . 0147 
4 E 463 3 1  . . 062 • 0 1  . 01 0 9  
w 232  1 5  • 06 1  .0152  
5 E 706  1 28 • 1 53 1 3 . 7 9>:o:� . 0125 
w ·  666 67 • 091  . 0106  
6 E 456 1 28 • 2 1 9 1 2. 67 �� >:� . 017 1 
w 343 5 1  • 1 29 . 01 6 9  
B. A r ow by c olumn table of among s ite s or stands 
1 1 1 2 2  1 93 • 1 47 44. 46�:�* 
2 928 1 08 • 1 04 
3 965 1 24 . 1 1 4  
4 695  46 • 062 
5 137 2 1 95 • 1 24 
6 7 9 9  1 7 9  • 1 8 3  
C. A 2 x 2 table between north-(N) and s outh- (S) facing site s or s tands 
s 30 1 5  
N 2866 
425 
420 
• 1 23 
• 1 28 
• 26  
... .. ... , .. ... 1 ....... 
a. Standard er ror of  the proportion of dead beech 1 o/o level of  s ig .  
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The standar d error  of the proportion of  dead beech was given by 
whe r e :  p = 
s- = I 
p 
• 
(1 
- p} ·� �i - 1 
LYi = total beech I xi = total dead 
beech 
The s tandard e rror  of the proportion of dead beech ranges  from 1 to 1.5 
per  c ent per s ite. This may provi de enough basis for drawing infe renc e 
from the analysis  fo r within s ite Chi- s quar e  te st. The percentage of 
dead beech is  12. 3 and 12 . 8 for south and north facing site s re spe ctively, 
and the Chi -s quar e  value is 0. 26 ,  which is far smalle r than the 5 pe r c ent 
level figure of 3.  84 with 1 degree  of freedom. 
The Chi- s quar e  value from the row x c olumn table for comparing 
all six stands is highly significant , that i s ,  the null hypothe sis  that the 
pe r c entage of dead beech is independent of stand i s  reje cted. The range 
of the perc entage of dead beech is from 6 per cent at site 4 to 18 per cent 
at site 6 .  
Chi - s quare analysis  was als o  applie d  for testing the null hypothe sis  
that perc entage of  non-be ech is  independent of diffe rence of stand and 
aspect.  The Chi - s quare was too great to ac c ept the null hypothe sis  for 
s ite s 1, 3 ,  4, and 5. Particularly in the last  three site s the probability 
of committing fals e  r ejection was far le s s  than one pe r cent.  In general 
we st sides contain mocre non- bee ch than east side s .  
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except in stand� (T·abUH"\i')II). 
The. percentage of non-be ech is  11 per c ent and 21 per cent for 
south and north-facing site s re spe ctively, and the chi - s qua re is  too 
large to acc ept the null hypothesis  that perc entage of non-beech is  
independent of the difference betwe en north and south facing site s .  Thi s 
r e s ult is  diffe rent from the s imilar analysis  for dead beech. The s e  facts 
:i,il:diba.te that the north· facing stands are unde r les s extreme envi ron­
mental conditions than s outh stand s .  The number and ba sal area for 
all trees  on north-facing s ite s a r e  larger than tho s e  from south- facing 
site s .  It should b e  noted that the number  and basal area for all beech 
and live beech are greate r in south-facing stands than in no rth-facing 
s tands , although the diffe renc e s  in numbe r  are not s ignificant: only 5 
for dead beech and 149 fo r live beech, in favor of the south-facing 
slope. The results from the survivo rship s tudy also s ubstantiate the 
hypothesis  that " the beech gap i s  under a condition of .str e s s "  by the 
indication of a more favorable survival rate for beech in north-facing 
site s .  If a south -facing s ite i s  a more favorable habitat fo r bee ch, the 
survival status in that site should be more favorable too. In s hort  if 
emigration of spe cie s othe r than beech fr om north-facing site s is  
inhibited, the s outh-facing site should show a higher bas al area for 
bee c h. 
Table VII. Chi - s quar e  analysis  showing obs erved number of 
non-beech and beech. 
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(Stand) 
Site Beech Non-beech Fraction of non- beech Chi-s quare 
A. 2 x 2 tables  between east  (E) and we st (W) side within each stand 
1 E 544 32 o. 0 5  
w 57 8 56 0 . 09  
2 E 508 24 0. 04 
w 420 27 0.06 
3 E 48 2 1 50 o. 24 w 48 3 8 1  o. 1 4  
4 E 46 3 1 5 1 0 . 24 w 232  3 1 2  o. 57 
5 E 706  49 0. 06  w 666 84 o. 1 1  
6 E 456 97 o. 1 7  w 343 65 0. 1 5  
B. A row by column table of among site s or stands 
1 1 1 22 88 o .  07 
2 928 5 1  0 . 0 5  
3 965 2 3 1 o. 19 
4 695  463  0 . 39  
5 1 37 2  1 33 0.08 
6 7 9 9  1 62 o. 1 7  
4: 8 o>:c 
1 . 0 
16.  8 2*�� 
12 .  95��* 
10.  27>:�>:� 
0. 41  
166.  04>!o:(>:( 
C. A 2 x 2 table between north-(N) and s outh-(S) facing s ites  or stands 
s 
N 
30 1 5 
2866 
370 
7 58 
o.  1 1  
o. 2 1  
IV. SIZE AND SURVIVORSHIP OF BEECH 
Of the many small beech,  ve ry few matur e. Dead tre e s  pr ovide 
preliminary information on how big they grow before  dying, and how the 
ove r - all size  di stribution of s urviving tre e s  i s  controlled by mortality. 
Population structure of thi s dominant specie s will also turn out to be 
important for interpr eting the s tructur e or pattern of the community, 
as di scussed  in the following chapte rs  • .  
A. Numbe r s  of Live and Dead Beech by Size Clas s e s  
Table II and Appendix A s ummarize t_he abrupt dec rease  in numbers  
for diamete r clas s e s  above 0 - 5  em:  �· _&· , from only 4 to  27 per cent as  
many in  the 5-10  em range as in  the 0 - 5  em range . Helping to account 
logically for thi s dec r ea s e ,  the re is  a large number of dead stem s in 
the 0 - 5  em cla s s  (ave raging about 1 / 6 of the numbe r of live stems in that 
cla s s ,  in spite of the relatively prompt breakage and di sappearanc e of 
standing stems of such small si ze) . 
Some stands ( 3 ,  5, and 6) still have well ove r 100  stems in the 
5-10  em clas s ,  on twenty 1 0  x 10 m plots (Apendix A3 , A S ,  and A6) . 
However, with thi s exc eption, the r e  is  relatively little diffe renc e  
between size clas s e s  and stands.  Numbe r s  dec r ea s e  fairly gradually 
from 56 to 2 9 in stand 1 ,  from the 5-10  em to the > 25 em cla s s ;  from 
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40  to 25  re spectively fo r s tand 2 .  The re i s  slight s e condary mode o f  30  
individual s i n  the 2 0 - 25 e m  cla s s  i n  s tand 4 ;  o f  36 i n  s tand 6. Stand 5 
ha s a mo re prominent s e condary mode of 58 individuals ,  in the 1 5 - 20 ern 
cla s s .  Stand 3 ha s n o  s econdary mode , but i s  unusual i n  showing a 
fairly large numb e r  of individual s in all clas s e s  from 5- 10 to 20- 2 5  ern: 
141, 7 6 , 54, and 47 r e spe ctively , as c ompared with 19 in the >2 5 e rn  cla s s .  
Studi e s  i n  the Gre at Smoky Mountains National Park have not 
involved sufficient tree cutting, o r  even inc r ement boring s ,  as yet to 
permit translating the s e  tree diamete r s  to tree age s .  Permanent plot s 
we r e  made in 1959  by - Lar ry Tillman fo r r ecording mortality di rectly, 
but the re ha s not been enough time to provide a good e s timate of mortality, 
or  of probable duration befo r e  falling of dead trees  of diffe rent size s .  
Hence,  even indi r ect  evidenc e o f  the trends o f  mor tality with size (and 
eventually age) i s  s till of value fo r tentatively inte rpr eting the e cology of 
beech s tands and for guiding further inve stigation. Acco rdingly, the size 
r elations of dead trees  summarized in Appendix A for 5 e m  diamete r 
clas s e s  have al so  be en shown fo r 1 ern cla s s e s  in the cumulative curve s 
of Fig s .  3 ,  4, and 5. The s e  cumulative curve s  illustrate striking tr ends 
and suggest  compari s on with the usual cumulative curve s of mortality 
with r e spect  to age ,  which are commonly tr eated in population studi e s  
( e .  � ,  Pearl and Mine r 193 5 ;  Odurn 1959 ) .  
B. Graphic Analysis  of Dead Trees  
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For p r e s ent purpo s e s ,  it will be satisfactory to expre s s  the number 
!: of dead tr e e s  of diamete r x as a fraction of the s um of all dead tr e e s  
n 
obs erved: d 
X 
X 
= ----
� ·n 
"'x x 
This notation is  analogous with that for life 
table s where  mortalitie s  and age s are known. (Such table s adopt the 
further c onvention of expre s sing the se numbe r s  as a fraction of 1 000 
individuals originally introduced in the population. ) The dx· were 1 
suc ce s sively added up for all diameter clas s e s  i from the lar gest  clas s 
to 0.0 - 1 em, providing a cumulative curve de s ignated as R • Pur s uing 
X 
the life table analogy to cumulative curve s ,  Fig s .  3 ,  4, and 5 give for 
any diamete r x the fraction of all. dead tr ees  having diamete r x � 
larger. By c ompari son (e.  _g_. , Odum 1959, p. 166-169 ) ,  survivo r s hip 
curve s in population e cology expre s s  deaths as a fraction of a total 
numbe r  of deaths or births which will occur at a given age o r  older :  
i. �. , the survivor s  up t o  age x (expre s s ed i n  numbers  out of an initial 
population of 1000 ) .  If  the s tand as a whole i s  to remain in  a balance d  
condition, the number  surviving up to the beginning o f  each diamete r 
interval. should be balance d  by eithe r mor tality or  growth into the next 
larger interval. Some surprising appr oximations to this condition c an 
be found in Appendix A, along with dis c r epanci e s  which remain to be 
accounted fo r.  
This analogy with survivor s hip c urve s ,  and clo s e r  s c rutiny of 
the numbe r s  of live and dead b e e ch in Appendix A, both s how striking 
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Fig. 3 .  Survivo rship tfx) curve of the be ech from site l (�} ,  
2 (x) , and 3 (o) with 1 em dbh inte rvals . 
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Fig. 4 . Survivor ship (Jx> curve o f  the be e c h  from site 4 (A ) ,  S (x) and 6 (o) with 1 em dbh intervals .  
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Fig. 5 .  Survivor ship (jx) curve for north -facing sites (A ) ,  
s outh-facing s ite s (x) and all site s (o) with 1 e m  dbh int ervals .  
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featur es  be s ide s the obviously high mortality in the 0 . 1 - 5  e m  clas s .  
Ther e  i s  gene rally a diame ter range somewhere betwe en 5 and 15  e m  
i n  which few o r  no dead tre e s  are found, as  r epre s ented by nearly 
horizontal steps in Figs.  3 and 4. 
The cumulative curve for stand 1 (Fig. 3) shows a nearly stable 
middle s ize group with dbh of 8 em to 1 5  em and again high mo rtality fo r 
the large r than 1 5  em dbh group. In stand 2 a . .. primary stable size 
group and perhap s a secondary stable size group are sugge sted for 
diamete r s  of 5 to 12  em and 2 2  to 27 em re spectively (Fig. 3) .  In s tand 3 ,  
the primary stable age  group i s  not so  obvious as the s e condary high 
mortality • . 
In stand 4 the curve shows a nar rowe r  and le s s  definite primary 
stable size group and a mor e  definite secondary group ,  perhap s repre -
s enting a di stinct age clas s (Fig. 4 ,  Appendix A4) . The curve for s tand 5 
i s  characte rized by the primary stable size group 8 -17  em, leading up to 
the majo r  size  cla s s  (15 - 20)  which is s ubj ect  to further mo vtality. The 
curve for stand 6 i s  quite similar to that of stand 2.  
The common primary high mortality group,  which i s  re pres ented 
by a sharp decline in numbe r s  of living beech on the 1x curve , indicate s 
the high vulne rability among young beech. The initial part of the tx 
cur ve i s  quite similar to the Type III s urvivo r s hip curve of Pearl and 
Miner (1935 ) ,  whi c h  i s  character ized by an upward concavity or positive skew. 
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The pre s ence of  primary stable age group s  s eparating two maj or 
pe riods of mortality is very  inter e sting. Above some miminal size,  
s ome curve s are similar to survivorship curve s expe cte d for c onstant 
p e r centage mortality, or steady de cline on a logarithmic s cale ,  i. �· , 
a Type II of Pearl and Mine r (193 5 ) .  The Type I curve i s  an upwardly 
convex, sometime s nearly rectangular curve . The re i s  thus a similarity 
to Type II in the middle size group and a clo s ene s s  to Type I in the old 
age group. Exc ept in the empha s i s  on high mortality of small tre e s ,  
othe r details do not agree  with Odum' s (1 9 5 9) conjecture that "mo st plant 
populations probably would plot out rathe r nearer  the oyster type curve " 
for s urvivor ship (Type III) .  
Considering no rth-facing stands and the s outh-facing stands togethe r, 
the curve for tre e s  above 1 5  em provide s a s urprisingly clo s e  match to 
the Type II cla s s  (Fig. 5).  The common Type III c urves for early age 
group s  (diamete r s  0. 0 to 6 em) are also s imilar.  The flat - toppe d Type I 
curve s for larger than 6 em diameter s de s erve furthe r attention. The 
chanc e s  of survival are good afte r ar riving at s ome diameter  above 6 em. 
V. INDICES OF DISPERSION 
Indices  of dispersion measure  the degree of departure from " ran-
domne s s "  i·�· , from the hypothe sis  that individuals are located indepen-
dently of one another ,  over an e s sentially uniform environment. Without 
being based on a particular alternative hypothe sis of contagious - " dumped" -
distribution, such indices  may neverthele s s  suggest  clump size and 
sometime s the nature of distribution within clumps .  
A. Variance/  Mean Ratio 
Suppos e  N trees  from a large population are dis tributed in q sample 
plots ,  with ni individuals (i = 1, 2, • . .  q) in each quadrat. The sample 
variance is e s timated by 
2 s = 
q 
2 2 L n· - N / q  
. 1 1 1= 
q - 1 
(1) 
This should vary only within moderate limits above or below the mean m 
under the null hypothesis  of truly random distribution of individuals with 
r espect to quadrats.  This follows because the frequency distribution of 
number of quadrats with 1, 2, • . .  trees  per  quadrat should be given by a 
2 
Pois s on distribution, with a mean m and a true variance fS which theo-
retically should be equal to the mean (Feller ,  1 9 57). The ratio of sample 
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. h . h 2 / 2 2/ var1anc e to t e true var1ance or to t e mean, s 6 or s m should vary 
around an expe cted value of 1 within limits given by the distribution of 
Chi - s quar e  divided by the deg r e e s  of fr eedom of the s ample varianc e �  
2 
i. e.X q-l(o<) / (q-1).  If we acc ept a risk()( 1 of only 0 . 01 for c oncluding 
that the re i s  a s ignificant clumping whe re none actually exis ts ,  and a 
riskCX 2 of 0. 01  als o  for fals ely concluding ther e  is  an exc e � s ively regular 
dis tribution (type I e r ro r s  of statis tical infe r ence) ,  then we make no 
claim for depa rture from randomne s s  unle s s  s 2 / m  lie s above 
2 - 2 X q-1(0. 99) / (q-1) o r  below X q-1(0. 01) / (q-1) r e spectively. 
0 
Such low risks of type I error carry with them a high risk of 
type II e r ror -- of failing to detect depar�ur e s  from r andomnes s which 
ar e real. Avoiding this e r ro r  often leads to acc epting higher risks of 
fals ely claiming a non-random distribution (e. _.B.: , 0(  l = cx 2 = 0 . 0 5, o r  
total r i s k  of  10  p e r  cent). Only when number s of quadrats are very 
large is  it  possible to ke ep both risks of e r ro r  low. A p ractical c om-
promi s e  is to accept the hypothe sis  of random distribution if the 
2 
variance/ mean ratio varie s between limits ofX q-1(0.  97 5)/(q-'l) and 
2 X q-1 ( 0 . 0 2 5)/(q-1) ,  which are tho s e  tabulated  by Thomp s on (1958)  and 
Greig-Smith (196la). This procedur e accepts 1 chance in 40 of fal s ely 
claiming clumping, and 1 chanc e in 40 of fal s ely claiming r e gularity, when 
none actually exists.  The uppe r  limit is e quivalent to using a variance ratio 
2 q-1 of s /m = F00 (0 . 0 2 5) as a test  for clumping, but the usual F table s used 
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in analysis  o f  variance do not include value s of F le s s  than 1 ,  which would 
be needed for testing for r egularity in spatial di stribution. To show the 
commone st feature s of dispe r s ion, some gene ral r e s ult s from all quadrats 
and then all trans ects will fir st be considered  together.  Comparison 
betwe en sites  and subareas will al so show s ome diffe renc e s  in di stribu-
tion, as  well as tree numbers  and size s , di s cus s ed p reviously. Chapter VI 
will c onside r c ertain details of clump size s and mo saic units by paying 
special attention to blocks of adjac ent quadrats . 
B. Morisita• s Index of Dispe rsion 
In addition to the common index of di spe r s ion already provided by 
2 the ratio of varianc e over mean, s / m, Morisita (19 5 9) has advoc ate d 
anothe r index I� , which equals q times  a measure 0 of dive rsity: 
q 
L. n· (ni -1) � i=l 1 
o = -­N(N-1) 
= 
q 2 I! ni - N 
i- 1  (2)  
Simp son (1949) has shown how d s e rve s to e stimate hi s me asure of 
dive r sity, the measure of c onc entration of the population in certain 
quadrat s .  Like s 2 /m,  the index I S  ha s a n  exp ected value of 1 for a 
random dis tribution and this is  not affected by quadrat size  (trend A in 
Fig. 6 ) .  When individuals are distributed  uniformly in  an area ,  the I 
value s are le s s  than 1, but tend to increase  and approach 1 as  the quadrat 
� 
- - - - - - - - - - - - - - - � 
Quadrat Size 
A Random distribution 
B Uniform distribution 
Ca1 Intra-clump distribution 
is at random 
Ca2 Intra-clump distribution 
is uniform 
Cb1 Intra-clump distribution 
i s  at random 
Cb Intra-clump 
2 distribution 
is uniform 
Contagious 
distribution 
with small 
clump or 
clumps 
Contagious 
di stribution 
with large 
clump or 
clumps 
40 
Fig . 6.  Schematic repres entations o£ I& -quadrat size relations 
for various di stributional patterns o£ populations. The broken line s 
indicate the value o£ unity. (From Morisita' s Fig. 1 ,  1 9 5 9) .  
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size become s larger (trend B in Fig. 6) .  For clumpe d populations , I 8 
tends to be greate r than 1, but de crea s e s  toward 1 as quadrat size  inc r ea s e s .  
Morisita (1 9 5 9) cla s s ifie d  contagious di stributions into four sub - typ e s  
s hown in Fig. 6 .  Contagious di stributions with small clump s included 
cla s s  C� if individuals are randomly di stributed within clump s ,  and Ca2 
if they tend to be regularly di stributed within clumps.  Similarly, c onta ­
gious distributions with large clumps include clas s Cb1 if individuals are 
randomly distributed, and Cb2 if  regularly distributed within clumps .  
Information about the s ize of clumps i s  s uggested  by dividing the 
index I0 (s )  for a given quadr at s ize  by I8 (2 s )  for a quadrat just twic e  as 
large.  When this ratio i s  plotted against plot size  (of 2 s ) ,  the maximum 
value should appear at the value of plot size  which is  related to the natural 
clump size .  Since actual clump sizes  and shap e s  vary, of cour s e ,  this 
value is  merely an index of an " effective" size of clump s .  
C .  Quadrat Data 
Indices  of di sper s ion were de rive d from both the quadrat and tran s e cts .  
For quadrat data, the basic units are  the 5 x 5 m subplots , which were com­
bined to give 5 x 1 0  and 10 x 1 0  m plots .  Ba sic  data are included in Appendix 
B for live beech. 
The analysis  of varianc e for Table V already provide s measur e s  of 
varianc e for different levels of sampling. The variance among sub -plots 
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of the same plot (27 .  94) divided by the me an numbe r  of live be ech per  
sub-plot (14. 02)  give s a ratio s 2 / m  = 2 .  2 2 5 ,  which already sugge sts  
eithe r clumping or heterogeneity. The larger  varianc e s  among plot s in 
a given stand of cour se give a highe r ratio , .  as a r e s ult of additional 
variation between diffe r ent parts of th e same s tand. Variance among 
plots  of the same stand divided by the mean was about 6. 6 .  
Morisita ' s index o f  di sp e r s ion likewis e  exceeds 1 and sugge sts  a 
clumped di stribution for beech s tems le s s  than 5 e m  in diameter and 
because the small sizes  predominate , al s o  fo r total beech stems and 
otrer stems (Table VIII} . By c ontrast, the largest  beech ( > 2 5  em} s how 
eithe r random or uniform di stributions .  The intermediate diameter 
clas s e s  show inte rmediate r e s ult s - - a mixture of cases  of random or 
clumped di stributions .  A steady decline in the index a s  sub - plots are 
gr ouped into whole plot s tends to fit Mo ri sita' s Ca1 tr end of contagious 
distribution: di stribution within clumps may be approximately random. 
A few cas e s  with lower index for subplot s than for grouped plots are  
sugge s tive of  a tendency toward uniform distribution within clump s of 
1 5  ... 25 em pole tre e s ,  before  tre e s  have grown to a size that tends to show 
ove r-all uniformity of distribution. Tho s e  few cas e s  will be further con­
sidered in the ensuing chapter on patte rn. 
Specie s other than beech c onsistently show clumped patte rns of 
dis tribution (Table Vill) ,  whe r ever the re are enough individuals fo r making 
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Table VIII. Patterns Sugge sted by Mor i sita' s Index of Dispe r sion 
for Quadrats . 
SPECIES 
Size 
Fagus g randifolia 
< 5  em 
5 .  0 - 14. 9 em 
1 5 . 0- 24. 9 em 
> 2 5  em 
Pic ea rubens 
Viburnum alnifolium 
Ac er spicatum 
Betula alleghaniensis 
llex montana 
Aes culus octandra 
STANDS 
South-facing 
1 2 3 
Ca1 Ca1 Ca1 
A Ca1 A 
A ca2 Ca1 
B B A ,. 
Ca1 
Ca2 
Ca1 
North- facing 
4 5 6 
Ca1 Ca1 Ca1 
Ca1 Ca1 Ca1 
A ca2 Ca1 
A B A 
Ca1 Cal Ca1 
Ca1 
Ca1 
Ca1 
Ca1 
Ca1 
Ca2 
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an analysis .  
To allow a gr eater range of  plot size clas s e s ,  the trans ect data 
we re ar ranged for co nvenient grouping of 0. 5 x 0. 5 m ba sic units ,  into 
group s  of plots 2 , 4, 8 ,  16 ,  32  and 64 units (together c onstituting 4 x 4 
mete r s quare s ) ,  and the s e  in turn we re even grouped into strips  of 
4 x 8 m along the trans ects .  In addition, the lowe r ( 0 - 3 2  m = A) , middle 
( 32 - 64 m = B) , and upper  (64- 96 m = C) thirds of the transect  were con-
side r ed s eparately in parts of the analysis ,  to dete ct diffe renc e s  related 
to lowe r and uppe r slope s .  Graphs of Moris ita ' s dispersion index and 
clump index ratio for total tr e e s  and total beech are shown in Fig.  7 ,  for 
whole s tand s .  Tabular value s are provided for different size cla s s e s  for 
the divided transects  in Table IX. 
D. Total Trans ect  Analysis  
In s tands 1 and 2 all tre e s ,  + B {all beech) + B (live beech) , + B 
)5 em diamete r ,  + B ) 1 5  em diameter and + B <5 em diamete r 
consistently show a Ca1 type of distribution, with a clump size of 1 by 
0. 5 m (Fig. 7 ) .  In stand 2, the -B (dead beech) repre s ents the Ca2 type 
pattern, which is  characterized by uniform distribution within the s mall 
clump s ,  but all othe r variable s are al s o  type Car In s tand 4, dead beech 
is  als o  type Ca , but all other va riable s are type B. 
2 
In stand 3 ,  the distribution of all tr e e s ,  + B,  + B and + B < 5. 0 em 
c 
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Fig. 7 .  Analysis  of di spe r sion and clump size of all tr ees (-) 
a.nd all beech (- ;-) from total transect s .  
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Table IX. Index of di spe rsion and clump size for diffe rent diamete r 
cla s se s  of live and dead beech ( 16 of Mor i s ita) • 
..::::::: 5 . 0 em �5 . 0 em �1 5 .  0 e m  
Stand Sub - Block Index of Clump Index of Clump Index of Clump 
No. area size disp e r - s i z e  di spe r - size di spe r - size  
sq. m sian index sion index sian index 
1 A 0 . 2 5 >:o:l:l:. 04 o .  0 0  >:o:b . 5 6  0. 00  0. 0 0  o .  00 
. 5  2 . 02  2 . 00  3 .  28 2.  00 o. oo 0 . 00  
1 >:cz . 52  • 80 1 .  64  2 . 00  o. oo o. 00 
2 1 .  26  2 . 0 0  2 . 46 • 6 6  >:�. 26  0 . 00  
4 1 .  0 1  1 .  24 1 .  64 1 .  50 4 . 26 I .  00 
8 1 .  0 1  1 .  0 0  . 8 2  1 .  9 9  2 .  1 3 2 . 00  
1 6  . 98 1 .  0 3 1 .  02 • 8 0  2 .  1 3 1 .  0 0  
32  1 .  05  • 92  1 .  1 2  • 90 >:<z . 66 • 8 0  
64 1 .  05 1 .  00 1 .  23 • 91 1 .  33 2 .  00 
B 
0.  2 5  1 .  2 3 o. oo 0. 00  0. 00  0. 00  0 . 00  
. 5  • 98 1 .  24 0 . 00  0 . 00  0. 00  0 . 00  
1 1 .  1 0  • 8 8  o. 0 0  0. 00  o. oo 0. 00  
2 1 .  07 1 .  02 . 8 3 0. 00  2 .  32 0.  00  
4 1 .  1 3  • 94 . 62 1 .  3 3  1 .  1 6  2 . 0 0  
8 1 .  1 2  1 .  0 1  1 .  1 5  • 54 . 58 1 .  9 9  
1 6  1 .  09  1. 02  1. 41 . 8 1  1 .  1 6  • 50 
32  1 .  06 1 .  02 1 .  1 7  1 .  20 • .8 0 1 .  45 
64 1 .  05 1 .  00  1 .  0 5  1 . 1 1  . 90  • 8 8  
c 0 . 2 5  **2.. 44 o. oo >:< >:{>. 64 0� 00  >:�*18 .  61  o. 00 
. 5  >:C >!q . 66 1 .  47 >:<>:<.3 . 32 2 . 0 0  ':":'9. 3 0  1 .  9 9  
1 1 . 22 1 .  3 5  ':<2 . 7 7  1 .  2 0  >:c>:'9. 3 0  1 .  0 0  
2 1 .  24 • 98 >:o:c3 .  04 • 90 >:C>!B . 1 4  1 .  1 4  
4 1 .  1 4  1 .  08  1 .  52  2 . 00  >:o:�. 07  2 . 0 0  
8 >:c >:q , 28 . 8 9 >:c >:q , 93  . 7 8 >:c ':<.3 • 4 9 1 .  1 6  
1 6  >:c� . 2 1  1 .  0 5 1 .  1 7  1 .  64 >:q , 8 9  1 .  84  
32  >:q , 08 1 .  1 2  1 .  0 3  1 .  1 3  • 94 1 .  9 9  
64 1 .  02 1 .  OS 1 .  0 9  • 95  • 98 . 96 
2 A 0 . 2 5  1 .. 49  o .  00 >:o:c24.  38 o .  00 >:o:<:; 1 .  2 0  0 .  00  
. 5  1 . 34 1 . 1 1  >:c>:c 1 2 .  1 9  2 . 00  >:c>:� s . 60  2. 0 0  
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Table IX. (Continuted). 
< 5. 0 e m  ? 5.  0 e m  � 15 .  0 e m  
Stand Sub- Block Index of Clump Index of Clump Index of Clump 
No. area size dispe r - size dis per - size disper- size 
s q. m sion index sion index s ion index 
2 A 1 ** l .  7 2  . 7 8 �·6 .  0 9  2 . 00  �< >:< 1 2.. 8 0  2 •. 0 0  
(cont . ) 2 * 1 .  38 l. 24 3. 04 2 .  0 0  ��.  40 2. 0 0  
4 l .  1 5  l .  1 9  3. 04 1 .  00 3. 20 2 . 0 0  
8 l.  1 5  l .  0 0  2 .  28 1. 3 3  l .  6 0  2 . 0 0  
1 6  �· 1 . 1 2  1 .  0 3  1 .  1 4  2 . 0 0  . 8 0 2 . 00  
32  • 9 9  1 .  1 2  • 95 1 .  1 9  . 8 0 1 .  00  
64 l.  03 • 96 l . 04 ' -90 . 8 0 1 .  00 
B o. 2 5  *>:C4. 0 1  0 . 0 0  >:C*9. 30  o. 0 0  �'*24.  38 0. 00  
. 5  *�<2.  40 l. 66 t�. 6 5  2 .  0 0  �'* 1 2 . 1 9  2. 0 0  
1 l .  3 0  l .  8 4  >:< >:(> . 98 • 66 >:< >:< 1 2 . 1 9  l .  00  
2 l .  3 5  . 9 6  >:o:cs.  8 1  1 .  1 9  >:C io<! 2 .  1 9  l .  00  
4 * l .  3 3  l .  0 1  �'*4. 07 l .  42 >:o:c 9. 1 4  1 .  3 3  
8 l .  1 4 1 .  1 6  �o:cJ .  7 8 1 .  07 >:< �< 1 1 . 42 . 8 0 
1 6  * 1 .  2 2  • 9 3  >:• >:e . 47 1 .  52  �c�c 5. 7 1  l .  99  
3 2  1 , 0 3  l .  1 7  1 .  2 3  2. 0 0  >:o:c 2. 8 5  2 .  00 
64 1 .  04  . 99  >:< 1 .  34  • 9 1  >:C>:c 1 .  42 2 . 0 0  
c 0 . 2 5  2 .  5 1  0 . 0 0  �·* 5 .  62 0. 00  24. 38  0 . 0 0  
• 5 **l. 6 5  • 94 . 2 .  8 1  2 .  0 0  >:<>:<1 2 . 1 9  2 . 00  
1 t,cl . 6 0  1 .  6 5  •:•>:< 5 .  6 2  • 50 >:c>:(> . 0 9  2 .  0 0  
2 >:<J. . 36 1 .  1 7  >:< >:<8 . 43 • 66 >:• *9 .  1 4  • 66 
4 *l .  24 1 .  0 9  >:< >:<4. 2 1  2. 0 0  >:c >:(> . 0 9  l .  50 
8 �·*1 .  2 9  • 9 5  >:c >:c 3 .  1 6  1 .  3 3  �o:g.  0 4 2 .  0 0  
1 6  **1 . 2 8  1 .  0 0  1 .  7 5  1 .  8 0  1 .  5 2  2 . 0 0  
3 2  >l<:>.'<1 .  3 2  • 96 1 .  1 4  1 .  5 3  . • 95 1 .  59  
64 >:Cl . 06  1 .  25  1 .  1 2  1 .  0 1  1 .  04 • 90 
3 A 0 . 2 5  :lo <I . 7 2  0. 0 0  1 .  57 0. 00  0 . 0 0  0. 0 0  
. 5  1 .  5 5  1 . 1 1  1 .  57 1 .  0 0  0 . 00  0. 00  
1 >:< 1 .  63  • 94 1 .  1 8  1 .  3 3  0 . 0 0  0 . 0 0  
2 1 .  1 6  1 .  40 • 59 1 .  99 0 . 00  o .  00 
Table IX. (Continued). 
< 5. 0 ern 
Stand Sub- Block Index of Clump 
No. area size di spe r- size  
s q. rn s ian index 
3 A 4 1 .  07 1 .  08 
(cont. ) 8 • 87  1 .  23 
1 6 • 95 • 91  
3 2  • 97 • 98 
64 • 98 • 98 
B 0 . 2 5  ** 2 . 6 1 0. 00  
. 5  *,;c2 . 1 7 1 .  1 9  
1 1 .  41  1 .  5 3  
2 1 .  08 1 .  30  
4 * 1 .  3 3  • 8 1  
8 1 .  08 1.  22 
1 6 �:c 1 .  0 3  1 .  0 5 
3 2  • 96 1 .  07 
64 • 98 • 97 
c 0 . 2 5  ,;o:ez.  5 8  0. 0 0  
. 5  1 .  7 2  1 .  5 0  
1 �:c 1 .  93 • 88 
2 1 .  3 9  1 .  3 8  
. _,4 1 .  3 9  l .  0 0  
8 �:c 1 .  34 1.  03 
1 6  )',c 1 . 2 5  . l .  0 7  
3 2  1 .  0 9  l .  1 4  
64  1 .  0 1  1 .  08 
4 A 0 . 2 5  o. 0 0  0. 0 0  
. 5  o. 00 o .  0 0  
1 • 42 0. 0 0  
2 • 8 5  • 4 9  
4 . 7 4 l .  1 4 
45. 0 ern 
Index of Clump 
di spe r - size 
sian index 
. 5 9 1 .  00 
• 88 • 66 
. 7 6  1 .  1 6  
. 8 9 • 84 
• 96 • 92 
0 .  00  o. oo 
0 . 0 0  0 . 0 0  
0. 00  o. 0 0  
1. 6 4  o. 0 0  
1 . 2 3 1 .  3 3  
l .  6 4  • 7 5  
�:c l .  64 1 .  00 
�:e 1 . 58 1 .  0 3  
l .  07 1 .  47 
)',c:>;c5.  38 o. 00 
2. 6 9  2 .  0 0  
�:c*4. 04 • 66 
:>;o;c3. 7 0  1 .  0 9  
>:o:c3 , 87  • 95 
>:c >:c 3.  28 1.  1 7  
�:c�.c2 .  1 o 1 .  5 6  
>:o:c 1 , 62  l .  2 9 
>:c >:c 1 .  46 1 .  1 0  
0. 00  o. oo 
o. 00 o. oo 
0. 0 0  o. 0 0  
o. 0 0  o. oo 
0. 0 0  o. 0 0  
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2!1 5. 0 e rn  
Index of  Clump 
di spe r - size 
sian index 
• 96 0 . 0 0  
1 .  2 1  . 8 0 
• 84 I .  42 
• 90 • 93 
• 93 • 96 
0 . 0 0  0 .  0 0  
0. 00  o. 00 
0 . 00  0 . 0 0  
4. 26 o. 0 0  
4. 26 1 .  00  
2 .  1 3  2 . 00  
*3. 20  • 66 
�:c2 .  6 6  1 .  20  
1 .  33  2 . 0 0  
�:o:c 9. 3 0  o. oo 
�:c4, 6 5  2 . 0 0  
*4. 6 5  l .  0 0  
�:c,;c5 .  8 1  . 7 9 
�:c2 .  90 2. 00 
�:c >:c2 .  90  l .  0 0  
�:c :>;<2 .  18  · 1 . 33 
,;c*l .  96 1 . 1 1  
�:o:<2, 0 0  • 98 
o. 0 0  0. 00  
o .  0 0  o. 0 0  
o. 0 0  o. 0 0  
o. o o  0. 0 0  
o. 00 o. 0 0  
49 
Table IX. (Continued) . 
<5 .  0 e m  � 5. 0 em :;:.;15 .  0 e m  
Stand Sub - Block ·• Index of Clump Index of  Clump Index of Clump 
No. area size disper - size disper- size  dis per - s ize  
sq. m s ion index s ion index s ion index 
4 A 8 1 .  1 2  • 66 o .  0 0  o. 00 0 . 00  0 . 0 0  
(cont. )  1 6  1 .  0 6  1 .  OS  • 7 6  0. 0 0  0. 0 0  o. 00 
3 2  1 .  1 8  . 8 9 • 95 • 8 0  1 .  33 o. 00 
64 1 .  09  1 .  08  . 8 5 I .  1 1  2.  00 • 66 
B 0 . 2 5  >'.<*6. 5 6  0 .  0 0  >:o:Cl4. 22 0 . 0 0  0 . 0 0  0 . 00  
. s  3 .  28 2. 00 >:o:C7. 1 1  1 .  99  0. 00  o. oo 
1 1 .  64  2. 0 0  3 .  5 5  2 .  0 0  0. 0 0  o. 00 
2 *>'.<4. 1 0  • 3 9  1 .  7 7  2 .  0 0  0 .  00 0. 0 0  
4 **3. 28 1 .  2 5  • 8 8  I .  9 9  0. 0 0  o .  0 0  
8 1 . 64 2. 00  • 88 1 .  00  o .  00 o .  00 
1 6  1 .  3 3  1 .  2 3  • 8 8  1 .  0 0  o. 0 0  o. oo 
3 2  1 .  1 2  1 .  1 8  1 . 1 1  • 8 0  • 6 6  o. oo 
64 • 97 1 .  1 5  1 .  22  • 90 1.  00  • 66 
c o. 2 5  1 .  2 6  o .  0 0  o. oo o. 0 0  0 . 00  0 . 0 0  
. 5  1 .  57 • 8 0  0. 0 0  o. 0 0  0. 00  o .  00 
1 • 94 1 .  6 6  2. 32  o. 00 o. oo 0. 0 0  
2 • 94 1 .  0 0  1 .  1 6  2 .  0 0  o. 0 0  o .  0 0  
4 1 .  1 0  . 8 5 • 58 1 .  99  0. 00  o .  00 
8 1 .  2 6  • 87  1 .  1 6  . so 2. 66  o .  00 
1 6  >:c 1 .  3 5  • 92 1 .  0 1  1 .  1 4  1 .  3 3  2. 0 0 
3 2  )',c>:c 1 .  3 9  • 97 1 .  23  . 8 2 • 66 1 .  99 
64 * 1 .  1 1  1 .  2 5  • 98 1 . 2 5  • 6 6  1 .  0 0  
5 A o. 2 5  . 7 3 0 . 00 o. 00 o. 00 0. 00  o .  00 
. 5  1 .  1 0  • 66 1 .  49  o .  00 0. 00  o .  00 
1 . 7 3 1 .  49  • 7 4  1 .  99  0 . 0 0  0 . 0 0  
2 1 .  0 3  • 7 1  . 7 4 1 .  0 0  3 .  0 4  o. oo 
4 • 92 1 .  1 2  • 56 1 .  33  3 . 04 1 .  0 0  
8 1 .  OS • 87  . 7 4 . 7 4 2 .  28 1 .  33 
1 6  1 .  08 • 97 . 7 9 • 94 1 .  1 4  2 .  00 
s o 
Table IX. (Continued) . 
< 5.  0 em � 5 .  0 em �15. 0 em 
Stand Sub- Block Index of Clump Index o f  Clump Index of Clump 
No. area size dispe r - size dis per - s ize di sper- size 
s q. m sion index s ion index s ion index 
5 A 32  • 98 1 .  1 0  • 98 • 80 • 57  1 .  99  
(cont. ) 6 4  1 . 0 0  • 98 1 .  08 • 90 . 8 5 • 66 
B 0 . 2 5  • 92 0. 00  *)�3 .  78 o. 00 ):o:�24. 38 o. oo 
. s  • 8 1  1 .  1 4  >:c2 .  52  1 .  50  ): on 2 . 1 9  2.  00  
1 . 7 5 1 .  07 ):o:�2 .  52  1 .  00  >:c6 .  0 9 2 . 0 0  
2 • 92 • 8 1  �( 1 .  7 3 1 .  45 3. 04 2 . 00  
4 1 .  1 2  • 8 2  �(�( 1 .  8 9  • 91 1 .  52  2 . 00  
8 ** 1 .  23  • 91  ):(* 1 . 6 5  1 .  1 4  1 .  52  1 .  0 0  
1 6  * 1 .  1 5  1 .  0 7  1 .  28 1.  2 9 1 .  52 1 .  00 
32 • 96 1 .  1 9  1 .  05  1 .  2 1  1 .  3 3  1 .  1 4  
64 • 98 • 97 1. 06 • 99 . 8 5 1 .  5 5  
c 0 . 2 5  �(*1 . 90 0. 0 0  �o'.c4. 04 o. 00 o. 0 0  0. 00 
. 5  1 .  43 1 .  3 3  2 . 0 2  2. 0 0  0. 00 o. 00 
1 * 1 .  55  • 92 1 .  5 1  1 .  3 3  3 . 5 5  0 . 0 0  
2 �� 1 .  37 1 .  1 3  1 .  2 6  1 .  1 9  1 .  7 7  2 . 00  
4 >'.c* l . 52 • 90 1 .  3 9  • 90 • 88 1 .  99  
8 ):c* l .  27 1 .  1 9  1 .  64 • 84 • 44 2. 00  
1 6  1 .  1 0  1 .  1 5  1 .  1 6  1 .  40 1 .  1 1  • 40 
32  1 .  03  1 .  0 6  �( 1 .  28 • 91 1 .  3 3  • 8 3  
6 4  • 9 9  1 .  04  1 . 1 1  1 .  1 4  • 88 1 .  49  
6 A 0. 2 5  o. oo 0. 00  o. 00 o. 00 0. 00 o. 00 
. 5  1 .  1 0  o. 0 0  0. 00  o. oo 0. 00 o. oo 
1 • 5 5  1 .  9 9  2. 84 o. 00 0. 0 0  o. 0 0  
2 • 68 . 7 9 2 . 8 4  1 .  00  o. oo o. oo 
4 • 8 2  . 8 3 1 .  42 2. 0 0  0. 0 0  o. oo 
8 . 8 9 • 92 • 7 1  1 .  99 o. 00 o. 00 
1 6  • 98 • 91  1 .  06  • 66 • 80  o. oo 
32 • 98 1 .  00  • 7 1  1 .  49 • 80 1 .  00  
6 4  • 99 • 98 • 93 . 7 6 1 .  20  • 66 
Table IX. (Continued) . 
.:::: 5. 0 em 
Stand Sub - Block Index of Clump 
No. area size dispe r - s i ze 
s q. m sion index 
6 B 0. 2 5  **4. 1 4 0 .  0 0  
. 5  **4. 1 4  1 .  0 0  
1 *>:C2.  4 1  1 .  7 1  
2 *2. 3 3  1 .  0 3  
4 >!� 1 .  55  1 .  50  
8 >',( 1 .  2 9 1 .  2 0  
1 6  1 .  1 0  1 .  1 7  
32  * 1 "  1 6  • 94 
64 *>',( 1 . 21  • 95 
c 0. 2 5  *2. 5 2  0. 00  
• 5 1 .  8 9 1 .  3 3  
1 1 .  57 1 .  20 
2 1 .  41  1 . 1 1  
4 >!c 1 . 7 3  • 8 1  
8 *>!< 1 .  65 1 .  0 4  
1 6  1 .  06 1 .  5 5  
3 2  1 .  08 • 98 
64 * 1 .  1 1  • 97 
* 5o/o level of significanc e 
*>',( 1 o/o level of significanc e 
�5. 0 em 
Index o f  Clump 
dispe r - s i ze 
sion index 
>!o!�6 .  56 o. 00 
3 . 28 2 . 00  
1 .  64 2. 00 
2 . 46 • 66 
>!< >',(2 .  8 7  • 8 5  
>!<>:�2 .  6 6  1 .  07 
*l .  64  1 . 62 
>:C >:C 1 . 8 9  • 8 6  
1 .  2 3  1 .  54 
1. 45 o. 00 
• 7 2  1 .  9 9  
. 7 2 1 .  00 
• 7 2  1 .  00  
1 .  1 8  • 6 1  
1 .  23  • 96 
1 .  0 9  1 .  1 2  
1 .  07 1 .  0 2 
• 97 1 .  0 9  
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�15 .  0 e m  
Index of 
di sper -
s ion 
0. 00  
0. 00 
>!o:� 1 2 . 8 0  
** 1 9. 20 
>'p!�9. 60 
>!0!<4.  80 
>:o:�4.  8 0  
>!<4. 0 0  
2. 00  
>:�>!<28 .  44 
>!< >:C 1 4. 2 2  
>!o:C2 1 . 3 3  
>!< >!�26.  66 
>:on 3 .  33  
>!< >:C6 . 66 
>:�*3.  55  
>:o:�2 .  44 
>:� >:�2 .  00  
Clump 
size 
index 
0 . 00  
0. 00  
o .  00 
• 66 
2 . 0 0  
1 .  00 
2 . 00  
1 .  20 
2. 00  
o. 00 
2 . 0 0  
• 6 6  
• 8 0  
2 . 00  
1 .  99  
1 .  87  
1 .  45 
1 .  22  
52 
again shows the Ca1 type with relatively consistent clumps of 1 by 0.  5 m, 
1 by 2 m and 2 by 4 m, while the patterns of + B 1 5. 0 and + B � 15 .  0 
are unifo rm but with consi stent remnant 4 x 4 m clump s {Type B) . The 
dead beech al so shows a gene rally uniform pattern exc ept in the 1 by 2 m 
blocks . 
In stand 4 uniform patterns are ob s e rved for trees  in mo st catego rie s .  
Exceptions a r e  the Cb2 type for + B < 5 .  0 and the Cb2 type for - B .  The 
latter i s  characte rized by uniform distribution of beech within large 
clumps .  The las t  two patterns are sugge s tive of r egenerating small 
beech and death, poss ibly due to their competition. Mo st of the indi c e s  
de crease  i n  the number of  stati stically significant value s as  one proceeds 
from all tr e e s  to + B ,  to + B,  and in each of the se from smaller to larger  
dbh clas s e s .  
In stand 5 ,  the + B �15 shows a completely unifo rm pattern, but 
the + B and the + B < 5 .  0 are clumped with stems within clumps uniformly 
distributed. The dead beech shows a uniform pattern with a remnant Cbz 
type . 
In stand 6 ,  + B > 5 em and + B > 15  em show uniform distributions ,  
- B als o  being uniform with a remnant Cbz type patte rn. All tre e s ,  ± B 
and + B rep r e s ent Ca2 type pattern while + B <5 . 0  is  inte rme diate 
between the Ca1 and Cb2 type s .  
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In gene ral the results are similar for the divided transect analys i s ,  
with minor differenc e s .  The unifo rm or random di stribution in no rth-
facing slope s and contagious patte rns in s outh-facing slope s are generally 
obs erved from thi s analys i s .  
The re gular intraclump di stribution fo r various attributes for the 
lar ger diameter clas s e s  and tr e e  components also sugge sts the existenc e 
of competition betwe en stems . The re are more obs e rvations to s how 
uniform patte rn on total transect  analysis than if the parts of the trans ect  
are c onside red s eparately. The size of basic units i s  the same for both 
c a s e s  but the total number of ba sic units i s  diffe rent from each othe r in 
the two analys e s .  This i s  thought to mean that when dividing a trans ect  
into thre e  s ubare a s ,  the mosaic units or clump s are divided into s epa-
rate s ubareas , while the total transect  include s. them as a whole. 
The caus e of the Ca1 o r  Ca2 type of pattern is attributed to the 
e stabli shment of the smaller re gene rating bee ch, e:s:pecially well shown 
in subarea A of s tand 3, s ubarea B of stand 4 and s ubarea C of stands 
5 and 6.  For example , in stand 5 the Ca type of patte rn even include s 1 
+ B � 5 .  0 em and + B 15  - 2 5  e m, indicating remnants of a small s cale 
of hete rogeneity as the tr ees  become larger.  Generally as young dense 
clump s grow up they mediate mic roenvi ronmental differ enc e s  and 
competition develops betwe en stems.  Subarea A also shows s imilar 
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feature s ,  and can be regarded as the furthe st advanc ed in thi s stand. 
Subar ea C s eem s to be the youngest  and s ubarea B s e ems inte rme diate . 
The patterns of subarea C for stands 5 and 6 are not the same but 
the gene ral tr ends are toward e s tabli s hment of a random patte rn in 
beech larger than 15 .  0 em and 5. 0 em. 
The c onsistent patte rn of the Ca1 type for all variables  is al so well 
shown in s ubarea C of stand 1 ,  subarea B of stand 2 ,  and subarea B of 
stand 4, witil. common clump sizes  l by 0 .  5 m, and l by 1 m. The s e  
r elations in the trans ects for additional species  show many s imilaritie s ,  
1) Ace r  spicatum 
E. Di stribution of Diffe rent Specie s 
Throughout stand 3 ,  subar ea C of s tand 4 and subar ea A of stand 6 
the r e  i s  a ve ry significant Ca1 type patte rn in mountain maple.  In the s e  
s ubareas the clump size s of 2 by 2 m and 4 by 4 m are consi stently 
revealed. Subareas A and B of stand 4 show the Ca2 type , which indicates  
uniform pattern for individual s tems within s mall clump s ,  corre sponding 
with the vi sual impr e s sion of thicket growth., ( Table X) . 
2) Betula alleghan.iensis 
In stand 4, subareas A and B of the transect showe d Ca2 type and 
subarea C of the stand r ep r e s ents Cb2 type with the following clump size s :  
2 by 2 m ,  4 by 4 m, 4 by 8 m and 4 by 1 6  m. In stand 6 ,  all subareas 
Table X. Example s of Morisita' s disper sion index and clump size (C) for specie s other 
than beech on lower ,  middle and uppe r  subareas (A, B ,  C )  of transects .  
Specie s 
Acer S;Eicatum 
Stand 3A 
B 
c 
4A 
B 
c 
6A 
0. 2 5 
o. 0 0  
1 1 1 . 7 0  
142. 82  
o .  0 0  
o. 0 0  
54. 8 5�o:c 
4. o4�:o:c 
Betula alleghaniensis 
Stand 4A o. 00 
B o. 00 
c o. 00 
6A 18. 28�o:c 
B 18. 6 ! >!C 
c 17 O. 6 6>!c>:c 
Picea rubens 
Stand 4B 44. 37 �:o :c 
c o. 0 0  
SA o. o o  
Viburnum alnifolium 
Stand 4B 3.  '34 
c 46. 08  
o .  5 
o. 0 0  
65. 1 6  
7 1 .  4 1  
1 7 .  06�c �:c 
o. 0 0  
2 7  .c4z�:c�>c 
4. 04�:o:c 
1 2. 1 9�C�C 
o. 00  
o. 00  
1 8 . 28 �:c�:c 
9. 30�c�:c 
8 5 . 33>:C:'.c 
22 C 1 8 �:c�:c . 
1 2. 1 9�:c�:c 
o. oo 
6. 6 9 
25c 60''"'' • "'1 .. ... , ... 
1 
o. 0 0  
32.c58 
3 5 � 7 0  
8 .  5 3�:c 
o. o o  
32.  oo�o:C 
4. 0 4�:c�:c 
1 2.  1 9�:o:c 
o. 0 0  
o. 0 0  
9. 1 4�:c �:c c 
4. 6 5�( 
42; 66:0:c �:C 
2 5 .  1 7 �:c�:c 
6 .  0 9:'.c 
o. 0 0  
5 .  8 5  
28. 58:'.c�,c 
:O:cSignificant at 5% level. 
Plot Size Unit (m2) 
2 4 8 
2 1 .  3 3  1 0; 66 5.  3 3  
1 8 . 6 1  9.�0 9. 0 1  
34. 0 2  1 7  .cOl 1 4. 41  
4� 26 4.  2 6�:C 2 .  1 3  
0 . 0 0  32. 0 0  1 6 . 0 0  
1 6 o o�:c �:c 8� oo�:c�c 6 .  28 �o:c c 
2. sz�:c�c 2. 6 s�:c�:c 2.  1 5�P!C 
9. 1 4�:c �:c 4. 57 �:c�:c 5. 33�C 
1 o. 66 5 .  33 2� 66 
4.  2 6  4� 2 6�( 6. 40�c�:C 
9. 1 4�:o:c 8� o o�:c�:c 8 .  57 �o:c 
2 .  32  1 .  1 6  1 .  1 6  
2 1 .  3 3:t.o:C 1 o. 6 6�.c* 1 6 . o o�:c�:c 
27 o 0 9>!C�C 1 4
c so::c::c . 1 4. 7 z�c�:c 
3 .  04  1� 5 2  o. 7 6  
o. 0 0  0 . 0 0  o. 0 0  
2� 92 2 .  50  1 � 67 
27 . 0 9�:c 1 3� 7 6�!c* 1 2. 48 �!c�c 
:O:o:CSignificant at 1 o/o level 
16  
2 .  6 6  
4� 5 0  c 
7 . 20 c 
1 .  0 6  
8 . 0 0  
3 c l 4�c* t 
1 .  67 �:C �:c 
2.  6 6�:C 
1 .  3 3  
3� 2o�c c ..,,,,, 4. 28 -·- -·-
1 . 45 
8. o o�:c�.c 
7 c 3 6�:c�:c . 
1 .  5 2  
1 .  3 3  
1 .  5 6  
8 .  o o�c�,c 
3 2  6 4  
4. 0 0  c 2 . 0 0  
4. 0 0  2� 0 0  
4 .  0 0  2� 0 0  
1 .  0 6  1 .  3 3  
4. 0 0  2 . 0 0  
2.  28�0:C 2. 0 o�c�:c 
1 .  7 z �o:c 1 .  sz �:o:c 
1 .  3 3  1 .  42 
o. 66 1.. 0 0  
2. 6 6  c 1 .  3 3  
3 .  o o:t.c:t.c 1 � so�c 
1 .  4 5  0; 90 
4.  o o�:c 2� 0 0  
4. o o::c::c 2c o o�c �:c . 
1 .  3 3  0 .  8 5  
·z.. G O  2 �0 0  
1 .  2 0  0� 9 9  
4� o o::o•.c 2.  oo�c�c 
U1 
U1 
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indicate Ca1 type pattern with a consi stent 4 by 16 m size of  clump. 
3) Picea rubens 
Thi s species  shows thr ee typ e s  of distribution: random in subarea A 
of s tand 5 ,  Ca2 type in subarea C of stand 4. Irrespective of their pattern 
all c onsi stently show clump s with the sizes  of 2 by 2 m and 4 by 16  m. 
Considering the patterns , clump size s ,  numbe r of stems and their  
diameter  range together (as did for Greig -Smith' s method in  Chapter  VI) 
Within s tand 4 s ubarea B the di stribution seems to rep r e s ent an early 
pha s e  of regeneration of the spe cie s while othe r subareas probably are 
in the initial stage of e stabli shment of it. 
4} Viburnum alnifolium 
The spe cies  s hows both Ca2 and Ca1 type patte rns , with inc onsi s ­
tent clump siz e s  between two subareas ( B  and C )  in stand 4 .  
5} Gene ral Di s cus sion 
No single species shows complete consistency in type of pattern 
and size of clumps throughout s tudy area s .  However , the prevailing 
pattern at block size 4 by 16  m for diffe rent attribute s ,  whethe r the s e  
are s ignificant o r  not , war rants furthe r conside ration by the analysis  
of  patte rn in  Chapter 6 .  
Morisita ' s method i s  convenient mainly to  categorize or to de s cribe 
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the di stribution of  stems in  any area into type s (A, B ,  Cal' Ca2 , Cb1 , 
Cb2} ,  while Gr eig -Smith' s method indicate s the effective mean � of 
clumps and single clump area more directly than Morisita' s method. 
VI. PAT TERN ANALYSIS FOR BEECH STANDS 
Many inve stigators  have used relations between grouped plots fo r 
analysis  of pattern departure from randomne s s  (Agnew 1 961;  Ande rson 
1 961 :; Chadwick 1 960 ;  Cooper 1 960 ;  Gr eig-Smith 1 952 ; 1 96la ;  
Ke rshaw 1 9 5 8 ,  1 95 9, 1960 ,  1963 ;  Ke rshaw and Talli s 1 958 ;  Phillips 1 9 54) . 
The mean area of clumps ,  or intensity of patte rn, may in s ome c as e s  be 
related to differenc e s  of the few mic r o - environmental facto r s  which vary 
s ignificantly ove r  distance s  having the same s cale as vegetation pattern. 
Variations of different facto r s  and vegetation variabl e s  are a s s umed to 
be le s s  cor related with each othe r within areas bearing appar ently homo­
geneous vegetation than they are  within areas big eno:ugh to include 
patche s of c ontrasting character .  
For e s timating the s cale of  non - randomne s s  or heterogeneity in 
distribution of tree s  and s hrubs  on a superficially homogeneous area 
within each beech s tand, data from trans ects  were s eparated into three 
32  meter sub - areas A, B and C,  (� • ..&· , lA, lB, lC)  with a coordinate (Y}  
numbered from the foot to the top of the ridge (Appendix C) .  Each s ub ­
area was ultimately subdivided into basic units of 0. 5 by 0 .  5 met e r s  
which is  small enough t o  ave rage much le s s  than one clump o r  patch.  
The basic units were later grouped into blocks of 2,  4,  8 ,  16 ,  etc. The 
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numbers o f  trees  and shrubs within each basic unit were  added togethe r 
to give the total number of stems of the re spective block size.  Compari­
sons of variance for each block size gave the variance s  attributable to 
changes  in scale of sampling. 
If a non-random population is  sampled by a numbe r of quadrats 
which are much smaller than the average size of a patch or clump of 
individuals ,  the variance of an obse rvation may not be greatly differ ent 
from the mean of the population, provided that the dis tribution of individ­
uals  within the patches is  neither ve ry aggregated nor unusually regular .  
This follows from the sampling variance of  the Pois s on dis tribution 
discus s ed by Feller (1957} and Greig -Smith (1964) and dealt with above at 
the beginning of Chapter V. 
A s  quadrat size increase s  and approaches the average size of a 
patch (or patches )  the ratio of variance to mean will increase sharply. 
If the patche s are regularly distributed, the variance for still larger 
quadrats relative to mean will then dec rease  again, ultimately r eaching 
or  falling below the mean. In other words , when patches form a recurrent 
pattern or mosaic unit with both high and low density patche s ,  within which 
the individuals are randomly distributed, the varianc e dec rea s e s  sharply 
as  the quadrat size approaches the size of the mosaic unit or recurrent 
patte rn. If, however,  the patche s are dis tributed randomly or contag­
iously, the ratio of variance to mean will remain higher than unity a s  
6 0  
the quadrat size increases  beyond the average individual patc h area. This 
kind of pattern, formed by randomly or contagiously distributed clumps ,  i s  
likely to b e  detectable by field obs ervation while the former kind of pattern, 
formed by r ecurrent clumps ,  i s  not. 
The ratios of variance / mean in Table XI will help to indicate whether 
any particular block size forms a unit of some larger s cale of heterogeneity. 
In the graphs of variance against bloc k size (Figs .  8 through 18) a peak or 
serie s of peaks repre sents intensity and s cale of pattern in the s ense of 
Greig-Smith (1952 ,  1 964) and Thompson (1958) .  
A. General Re sults fo r All Stems 
1. A Cas e Study: Stand 1 
In subarea lB (mid- slope) there is  no statistically significant or 
suggestive unit of heterogeneity; distribution in thi s subarea fails to show 
departures  from randomne s s . In subarea lA (lower slope) , the value s 
sugge st  a primary s cale of pattern at block s ize of 0. 5 by 0 .  5 m but the 
variance /  mean ratio is significant only for beech. A s econdary scale of 
pattern i s  sugge sted but is  not statistically s ignificant. There is  a sig­
nificant tertiary s cale of pattern at a block size of 4 by 1 6  m, as shown 
in Fig. 8 .  In the vegetation map (Appendix C )  the general appearance of 
the distribution is random, but the s ignificant unit of tertiary scale of 
Table XI. Variance/ mean for numbers of beech trees  (for thre e  diameter class e s  and 
lower,  mid and upper slope s :  A, B and C). 
Block 
Stand size 
No. s q. m 
1 0.. 25 
o. 5 
1 
2 
4 
8 
1 6  
32  
64 
2 o. 25 
o. 5 
1 
2 
4 
8 
1 6  
3 2  
6 4  
Lower Slope A 
"5. 0 
em 
1 .  1 7  
• 9 1  
>:� 1 .  4 3  
1 .  1 7  
1 .  00 
1. 08 
• 56 
l. 08 
2. 1 3  
1 .  03  
• 83  
1 .  30 
1 .  40 
1 .  00 
1 .  27 
*2. 7 9  
>!e • 0 1  
2 .  86 
>5.  0 >15. 0 
em em 
1 .  1 5  1 .  00 
1 .  1 5  1 .  00 
• 84 >:� • 66  
1 .  30 1 . 00 
1 .  6 1  1 .  6 6  
. 6 9 1 .  00  
. 6 9 • 3 3  
• 38 >�4. 3 3  
3 .  7 6  2. 66  
>:e l .  28  >:� 1 .  40 
>:e 1 .  28 * 1 .  40 
l. 28 >:q .  40 
l .  00  1 .  40 
l. 28 1 .  40 
1 .  8 5  1 .  40 
1. 28 1 .  00  
• 7 1  1 .  00 
1 .  28 • 20 
Mid Slope B Upper Slope C 
<5. 0 >5. 0 > 15. 0 -.::: 5. 0 >5 .  0 >15.  0 
em em em em em em 
South-facing Sites  
1 .  06  1 .  00 1 .  00 >!� 1 .  2 3  >!� 1 . 27 * 1 .  3 6  
• 9 3  1 .  0 0  1 .  00 * 1 .  25 1 .  09 1 .  00 
1 .  03  • 7 7  )� • 63  • 94 • 90 1 .  1 8  
• 87 1 .  1 1  1 .  36  1 .  25  >:�2. 00 >!�2 .  27 
1 .  06 • 44 1 .  36 >:� • 3 5  • 45 1 .  36  
1 .  24  • 44 >!� • 27 1 .  64  >!�3 .  00 >!�3 .  00 
1 .  46 2 . 00 1 .  90 >!�3 .  5 3  1 .  72 *3 . 36  
1 .  30  2. 00  • 45 2. 7 1  • 45 • 8 1  
4. 44 2. 00 • 09 2.  5 1  2. 90 • 8 1  
>!� l .  3 1  1 .  1 8  >:el .  28 • 96 l .  1 4  >:el .  28 
>!� 1 .  43 • 8 1  1. 00 >!� 1 .  49 >!� • 7 1  * 1 .  28 
• 96 1 .  1 8  1 .  00 1 .  22 )� • 42 • 7 1  
l .  0 3  1 .  54 * 1 .  57 l. 22 >:�2. 7 1  >!� 1 .  57 
1 .  58  l .  1 8  >!� • 1 4  • 80 >!� 1 .  8 5  >�2 .  1 4  
• 49 >'.c2 .  63 >�5. 28 l .  06 *3. 28 2 .. 1 4 
>o'e3�- 3 1  >!�4. 0 9  *5. 28 • 34 >!�3 .  00 1. 8 5  
• 80  • 45 *5. 28 >!�9. 00 l .  1 4  . 7 1 
3 .  3 1  4. 45 3. 57 4. 7 3  2. 57 1 .  28 "' ....... 
Table XI. (Continued) . 
Block Lower Slope A Mid Slope B Upper Slope C 
Stand size < 5. 0 > 5.0  >15 .0  < 5. 0  > 5. 0  > 15. 0 <5. 0  > 5. 0 >15. 0 
No. s q. m em em em em em em e m  e m  e m  
3 0. 25 1 .  03  " 1 . 00 1 . 0  0 1. 08 1 .. 00 1 .. 00 l.  1 1  >:� 1 .  20 1 .  1 8  
0. 5 • 96 1.  07 1. 00 :;'< 1 .  28 1 .  00  1 .  00  • 94 • 8 0  1 .  00 
1 >:� 1 .  40 1 .  23 1 .  00 1 .  24 • 6 9  • 66  1 .  28 1 .  1 0  • 8 1  
2 1 .  1 4  1 .  00 • 66 • 6 3  1 .  1 5  1 .  00 1 .  00 • 90 1. 90 
4 1 .  69  • 53 • 8 3  1 .  7 3 • 6 9  1 .  66  1 . 1 1  1 .  7 0  1 . 00 
8 • 45 1 .  38 1 .  50  1 .  32  1 .  00 • 33 1 .  40 >:�3.  80 1 .  90 
1 6  . 74 • 1 5  • 8 3  1 .  8 5  1 .  1 5  1 .  66 2. 3 1  >:�3.  30 1 .  54 
32 • 67 • 1 5  • 8 3  • 5 1  >:�4. 07  >:�4. 3 3  2.. 42 2. 50 • 8 1  
64 • 1 6  • 1 5 • 33  • 1 8  1 .  92 2. 6 6  1 .  3 9  *9. 80  >:�u. o o  
North-Facing Sites 
4 0.25 1 .  00 1 .  00 1 .  00 1 .  1 5  >:� 1 .  22 1 .  00 l .  00 1 .  00 1 .  00 
0. 5 • 92 1 .  00 1 .  00 1 .  1 5  1 .  22 1 .  00 1. 06 • 8 1  1 .  00 
1 . 84 1 .  00 1 .  00 >:< • 53 1 .  22 1 .  00 1 .  00 1 .  1 8  1 .  00 
2 1 .. 08 1 .  00 1. 00 1 .  30 1 .  22 1 .  00 • 86  1 .  1 8  1 .  00 
4 • 44 1 .  00 1 .  00 >:�2. 23 1. 00 1. 00 . 7 2 • 6 3  • 50 
8 1 .  1 6  • 42 1 .  00 1 .  46 1 .  00 1 .  00  • 6 5  1 .  1 8  1 .  50 
1 6  • 28 • 7 1  • 3 3  1 .  6 1  • 5 5  • 50 . 7 2 4 45 1. 50 
32 2. 1 2  1 .  28 • 3 3  1 .  92 • 55  • 50  *5. 00 2 .  27 l .  00 
64 3.  23 • 1 4  3 .  00 • 6 9  2. 77  1 .  00 4.  1 7  • 8 1  o. 00 
0' 
N 
Stand 
No. 
5 
6 
Table XI. (Continued) . 
0. 25  
0 .5  
1 
2 
4 
8 
1 6  
32  
64  
0.25 
0. 5 
1 
2 
4 
8 
1 6  
32 
64 
Lower Slope A 
<5. 0 >5. 0  >15. 0 
e m  e m  e m  
. 8 9 . 8 9 1 .  00 
1. 2 1  1 .  1 0  1 .  00 
* . 65 1 .  00 • 7 1  
1 . 26 1 .  1 0  1 .  00 
)'_c • 38 . 78 1 .  28 
. 7 3 . 8 9 1 .  8 5  
)!c2 . 84  • 1 5  1 .  8 5  
• 38 • 05 . 1 4 
l .  07 2. 57 • 1 4  
• 87 1 .  00 1 .  00 
1 .  1 2  • 77  1 .  00 
• 93 1. 00 1 .  00 
• 87 1 .  44 1 .  00  
• 87 1 .  44 1 .  00 
• 67 • 7 7  . 6 0 
1 .  00 1.  88 1 . 00 
. 80 . 1 1 • 20 
• 80 . 1 1 1 . 80 
):� 5o/o level of significance 
Mid Slope B 
<5 .0  > 5 . 0  >15 .0  
e m  e m  e m  
1 .  02  1 .  1 3  * 1 . 28  
1 .  02 1 .  00 )� 1 .  28 
• 82 1 .  34 1.  28 
• 58 • 86 1 .  28 
• 5 5  1 .  4 1  1 . 00 
1 .  7 1  *2. 3 1  1 .  00  
*4. 1 0  2 .  58 1 .  28 
• 2 5  • 86  2. 42 
• 0 1  2 .  7 9  . 1 4 
1 .  00  1 .  1 5  1 . 00 
* 1 .  5 1  1 .  1 5  • 60 
1 .  0 5  ' .  84  • 60  
):� 1 . 92 • 84 *2. 20  
1 . 6 1  1 .  1 5  1 . 00 
1 .  92 >:c2. 5 3  *3 . 40 
• 38 • 2 3  1 .  8 0  
.:� • 02 ��4. 99 5 . 00 
.:�9. 2 5  3 .  7 6  5 .  0 0  
Upper Slope C 
< 5 . 0  ..> 5 .0  >15 .0  
e m  e m  e m  
1 .  1 2  1 .  1 7  1 . 00  
: 93 1 .  08 * • 7 7  
1 .  1 8  1 .  08 1 .  22 
• 6 9  • 91  1 .  22  
��2. 00 • 65  1 .  22  
*2 .  36  >:c2 .  30 • 33  
2 .  1 5  • 3 9  • 5 5  
2 . 42 2. 8 2  2. 7 7  
• 54 3 . 52 • 1 1  
1 .  06  1 .  07 * 1 .  44 
1 .  06  1 .  00  * • 55 
1 .  06 1 .  00 * • 3 3  
. 7 2 • 6 2  >:�4. 3 3  
1 .  1 3  • 92 4. 33  
)�3.  06 1 .  44 4. 1 1  
• 86  1 .  1 4  3.  22 
• 58 2 . 25  2. 77  
4 .  1 7  • 33  *9. 00  
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Fig. 8 .  Graphs of analysis  of all tree s (- ) and live beech 
(� . -) count data from site 1.  xSig. at 5% level 
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pattern reveals patches of high density ( 0 -16 m) and low density (16 - 32m) . 
In subarea lC (uppe r  slope) there  i s  a statistically significant peak 
r elated to clumps with an average size of 4 by 4 m within which primary 
and s econdary s cales of  pattern are regularly distributed. The actual 
distribution of individuals of beech i s  illustrated on the map of Appendix C. 
The ¥alu�S )LU4:.te_stlid.roi;P tpis analysis  coincide and illustrate the as ser­
tions by  Greig-Smith {1952,  1964) and other s that peaks show the mean 
area of clumps and that a sharp decrease indicate s the pos sibility of a 
mos aic unit that ipclude s alternating patches of high and low density. 
2. Summary 
The di stribution of trees  of all specie s in the stands was e s s en-
tially random in subareas lB, SA and B and 6A, but no transect had the 
trees  distributed randomly throughout the total 4 by 96 m area. The mosaic 
distribution in stand 4 des erve s particular mention with its alternating 
phase s  of high and low density on a scale of 4 by 16 m, within which the 
trees  are randomly dis tributed. Stand 6 as a whole shows almost random 
dis tribution with heterogeneity in the 0. 5 by 1 m and 2 by 4 m blocks in 
subareas 6B and 6C respectively. In general, the trees  are more ran­
domly distributed on north-facing slopes  than on s outh-facing slopes .  
Remnant scale s of  clump pattern may be pre sent. Mos t of the trees  in 
those  study areas are beech and other species  are not so consistent in 
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their primary scale of pattern a s  are the beech. The primary scale s of 
pattern probably can be r egarded mainly as the result of characteristic s 
of beech distribution, but the se  in turn could be influenced by groups  or 
large individuals of othe r specie s .  Further interpretations of this will 
be dis cus sed in more detail late r .  
The patterns can be class ified as follows : 
�.:!_. Multi-heterogeneous unit: This include s highly compli­
cated pattern, s een in subarea IC and 2C (Fig. 8, 9). 
'!J::E_e II. Single mosaic with clear clump s :  This type is obs erved 
in subareas 3A (Fig. 1 0} and SC (Fig. 12) . 
� III. Double mosaic :  This pattern is  most  common among 
other types where there is a remnant or embryonic pattern. It i s  illus ­
trated on subareas 2A and 3BC for all trees  (Fig. 9 and 10)  and subareas 
2AB, SAB and 6BC for all beech (Fig 9,  12  and 13) .  
Type IV. Single large scale mos aic :  This type of pattern seems 
advanced from type m, becaus e the 4 by 4 m size clump has disappeared 
and the remnant primary scales  of pattern of 1 by 1 m or 2 by 2 m are 
r egularly distributed in subareas 4ABC and lA for all trees  (Fig. ll and 
Fig. 8) and subareas 4C and lA (Fig. ll and 8 ) ,for  all beech. 
':!:YE._e V. Random distribution: This repres ents completely random 
distribution of trees  within subareas of 4 by 32  m, already best repres ented 
in subareas lB , 4A and SAB for all trees  (Fig. 8 ,  ll and 12)  and subareas 1B, 
3A, SB and 6AC (Fig. 8, 10,  12  and 13) . for  all beech. 
B. Patterns of Distribution of Living and Dead Beech 
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The distribution of + B i s  similar to that of all living trees  in 
stands 1 and 2. The consi stency of the peaks in subareas 2B and 2A i s  
c lear. The - B  distribution s eems random in subarea A. In subarea 2B,  
-B distribution shows s everal more intense and s ignificant scale s of 
pattern in the range from 0.  5 by 0. 5 m to 2 by 2 m than from other 
groupings ,(Fig. 14) . 
In stand 3,  subarea A, :alL beech and +B s eem quite randomly 
dis tributed. The fir st three  s cales of pattern show consistently in all 
groupings of living and dead trees  in block sizes of 0. 5 by 0. 5 m, 
1 by 1 m, and 2 by 2 m throughout this s tand. In subarea 3C the +B and 
B represent a more intense and significant heterogeneity in their pattern 
in the 4 by 4 m blocks than do all tree s .  Within the primary clumps in 
the 1 by 1 m blocks individual beech are more regularly di stributed than 
all trees .  As  a whole in  s tand 3,  the order  of  beech distribution from 
nonrandomne s s  to randomne s s  is as follows :  subarea C � B � A, 
as s hown in Figure 15 .  This happens even though there  i s  a reduction 
of heterogeneity in larger than 4 by 4 m clumps while primary s cale s 
of pattern are maintained. 
In subarea 4A, patterns of all trees  and beech are similar to each 
other particularly for the primary and tertiary scale s of pattern. Since 
78 
the dominant trees  are beech thi s is not s trange. The secondary s cale 
of pattern of beech is regularly distributed while that of total tree s i s  
far more intense and shows a tendency toward clumping. Within the 
primary scale of pattern of beech the individuals are regularly di stri­
buted. The numbe r of units of heterogeneity in beech is two while it i s  
thre e  for total trees .  In subarea B beech show a different scale of 
pattern from that of total trees .  The only s ignificant scale of  pattern 
in beech is  in the 2 by 2 m block. Within the clumps the trees  are 
r elatively random but the clumps themselves are quite regularly dis ­
tributed throughout the subarea. The numbe r of dead beech was only 
two,  as  in subarea 3B. In subarea C the dis tribution of all trees  and 
all beech is  quite similar. The - B are strongly non-random in their 
distribution at seve ral scales (Fig . 16) . 
In stand 5 as  a whole the distributions of all tre e s ,  live beech, and 
all beech are  quite s imilar .  The tertiary s cale of pattern of live beech 
in the 4 by 4 m and the 2 by 2 m block. for subar eas 5A, 5B and 5C  is 
more  intense than that of all tre e s  and all beech. Patterns of dead 
beech are quite random in subarea B, but in subarea C the pattern is 
similar to that of live beech. In subarea 6A, none of the patterns depart 
s ignificantly from randomnes s  (Fig. 17 and Fig. 18 ) .  
In summary, the distribution of  live beech in  s tands could not be  
distinguished from a random distribution in  the following subareas :  
subareas lB, 3A, 4A, 5B and 6A and C. There  was not a complete 
transect  of 4 by 96 m which showed an ove rall random distribution. 
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The distribution of dead beech appear s random except in stand 2 
and subareas 4C, SA, and 6C. It was ,  however randomly di stributed in 
the 4 by 16 m blocks in the last two subareas.  Even subareas 2A and C 
showed one signif icant randomly or regularly distributed unit of hetero­
geneity. While the dis tribution of dead beech in general cannot be di s ­
tinguished from random distribution, the low density of dead beech 
provides low powe r of the s ignificance te sts ,  and ther e  could be some 
clumping that goe s undetected by the se tests.  
C. Distribution of Different Diameter Clas s e s  
of Live and Dead Beech Stems 
Because so many of the beech stems are small, the pattern of +B 
and .f.S. 0 em +B are similar to each other, but. there are minor change s 
and shifts in the numbe r  of units of heterogeneity and their statis tical 
significance. Examination of data in Table XI r eveals that s everal s cale s 
of pattern appear in s ome subareas , with the number of units of hetero­
geneity varying and the block size also varying. 
Larger beech show more random di stribution than small beech, and 
hence more than all beech taken together .  The small s ized primary 
clumps are fewer than tho s e  of +B, as expected. However ,  some example s  
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are opposite to thes e  generalizations. Heterogeneity in +B may be a 
r eflection of the characteristic s unique to each subarea- - environmental 
patterns - - (Kershaw 1959, 1963) that cannot be eliminated by aging and 
competition within clumps ,  or it may reflect remnants of a pattern 
already e stablished during clumped regeneration. 
The only prominent clumping in beech lar ger than 15 em diameter 
occurs in stands 1 and 2, and in general the distribution is as random as 
the ) 5 em +B. Examples of per si stence of non-random dis tribution are 
fewer than in the case of ) 5. 0 tB. Where  the non-random pattern occur s ,  
it s e ems to b e  closely related to s ite characteristic s rathe r than to size 
of trees ,  with the pos sible exception of subarea 6C. In that subarea, the 
distribution of ) 15 +B shows s ignificant s cale s  of pattern while the 
distribution of +B i s  completely random. 
These larger trees  are reaching cons iderable importance in their 
controlling influence in the regeneration of the s tands,  as will be explored 
in greater detail in subsequent chapter s .  They would seem to be the pro­
duct of development of the clumps of smaller trees.  Their apparently 
random distribution can be a s s e s s ed only as being intermediate between 
clumped and regular, but it could be interpreted as being a s tage in the 
proce s s  of development of older and larger ,  regularly di stributed domi­
nant individuals in the stand ove rcoming initially clumped distribution. 
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D. Distribution of Specie s 
1. Acer  spicatum: The patterns of dis tribution are similar to 
each other in subareas B and C of stand 3.  There ar e highly significant 
units of heterogeneity in several block sizes .  The fir st two units of 
s ignificant clumps and the decrease of the value at 1 by 1 m blocks are 
quite the reve r s e  of the pattern of  beech in the subarea. This spe cie s 
i s  clumped in the 1 by 0. 5, 1 by 2 ,  and 4 by 1 6  m blocks throughout thi s 
study. The species distribution does  not show any clear mosaic distri­
bution and ove r -all random distribution as beech did. It i s  in an inter ­
mediate stage of succes sion in those  s tudy areas.  The theoretical basis  
for this s tatement will be  discus sed  later .  
2.  Betula allegha:mien:Si s  shows units of heterogeneity in 1 by 2 and 
2 by 4 m blocks except in subarea B of stand 4. The numbe r of units of 
heterogeneity varies  from stand to stand. This species represents 
various stage s of establishment from an initial random s tage as r epre­
sented in  subarea B of  s tand 4 to  the least number of  unit of heterogeneity 
in subarea B of s tand 6 to a medium number of units of hete rogeneity in 
subarea C of s tands 4 and 6, to a maximum nur:nber of units in sub ar ea A 
of stand 6. The las t  condition may be the maximum e stabli s hment in all 
of the study areas.  
3 .  Viburnum alnifolium: In stand 4 three scale s of  patte rn are 
obs erved, but the re i s  no consistent peak from subareas B and C to 
correspond to tho s e  in Ace r  spicatum. 
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4. Picea rubens : The general impres sion of the distribution of 
this species  within the beech gaps i s  one of either dis crete clumps o r  
thin, elongate columns. Some of the columns are c ontinuous with 
adjacent spruce forests , while others  are isolated as spruc e "islands . " 
This mac ropattern s eems to be in an advancing or alr eady es tab­
lished phase ,  but ther e  is  no evidence of degeneration. Whether the 
"islands" of spruc e  are static and confined as they appear,  o r  are 
spreading is not c ertain. The ratio of dead to total spruce is 1/ 33  and 
0 / 7  in the belt transects of stands 4 and 5 and i s  13/ 88  and 2 / 44 in the 
quadrat data from the same s tands . Of the thirteen dead spruc e in 
s tand 4, eleven were found within a quadrat near the southeast edge of 
the gap ranging in diamete r s  from 0. 7 em to 7 .  8 em. Among them six 
were lar ger than 2.  4 em. The number of dead beech is  ve ry small ; the 
range of dph distribution is  from 0. 5 to 47 . 5 em. The frequency dis tri­
bution of diameter s  i s  similar to the beech. 
The analysis  of pattern is of inte re st  in considering the dynamic s  of 
spruc e  in the beech gaps ,  and the data support the hypothes i s  me ntioned 
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earlier that the random distribution of the species in subarea A o f  stand 5 
indicates initial e stablishment within the unexacting habitat. Their diameter 
range of 0. 5 to 1 1 . 4 em indicate s a young generation. The pattern in sub­
area C of  stand 4 indicates a primary scale of  pattern, which can be  inter ­
p reted as  a regenerating phase. The range of diameter s  is  from 1. 5 to 
51. 2 em. The pattern in subarea B of stand 4 indicates the most compli­
cated distributional phase among the spruce. The diamete r ranges  from 
0. 5 to 47 . 5 em in the subarea. The fir st, second and last  example rna y be 
interpreted as succes sive stages of e stablishment of spruce.  The theo­
r etical basis  for this tentative conclusion will be dis cus s ed more fully in 
a later s ection. 
E. Comparison among Sites  and Subareas 
If one examines the di stribution pattern of all trees  in each of the 
4 by 32  4 m subareas ,  the pattern revealed in four of the 18 is one of 
apparent randomnes s .  One of the subareas i s  from a south-facing slope 
and three are from north-facing slope s .  The most heterogeneous patterns 
are from the top subarea among south-facing slopes .  
Even in  the subareas where the di stribution i s  completely random, 
remnant scales of pattern may remain and the mosaic s cale may be large 
or small. Regular distribution of clumps was not as common as random 
distribution of clumps of all tree s and all beech, and there were only a 
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few example s  of  regularly di stributed clumps of live beech. The s e  were  
obs erved from subarea A of stands 1 and 5 .  Apparently random distribu­
tion in the � 5. 0 em, :>5. 0 em and >15.  0 em beech was observed from 
4, 8, and 8 subareas re spectively. Clump and mosaic patterns which 
are analyzed above illustrate quantitatively a prominent characteristic 
of the pattern fov beech irrespective of aspect differenc e s .  
A trend toward random o r  regular distribution may b e  regarded 
as  one measure of competition and stand maturation of the beech, as 
discus s ed in the following chapter (Dice ,  1952 ,  Evans 1952,  Greig-Smith 
1 964, Moris ita 1959 ,  Odum 1959, Pielou 1959) .  
VII. GENERAL DISCUSSION OF PATTERN 
AND STAND HISTORY 
Means and variance s  of  samples ,  survivo rship , disper sion and 
pattern have been dis cus s ed s eparately in the foregoing chapte rs .  This 
chapter  relate s thes e  problems to a general and broade r di scus sion of 
the ecology of beech for ests .  
Field obs e rvations of  the beech stands confirm that they are  fairly 
homogeneous physiognomically and floristically. The density and basal 
area of beech and of all specie s  together are not cons istently different 
between north- and south-facing slope s although they are significantly 
different among the s ite s within each slope aspe ct. There is no trend in 
density or basal area of all tree s or all beech related to degree of slope 
and azimuth angle .  
Rus sell (1953) stated that " The beech fore sts are  well developed 
only on south Slopes  in the beech gaps of the Great Smoky Mountains . " 
In view of the pre s ent study the statement doe s  not apply to numbe rs  of 
tree s ,  The counts which included both live and dead beech showed slight 
2 2 differ ences between north (54. 7 6 / 100 m ) and south (57 .  3 3 / 100 m ) 
slopes  which were not stati stically significant (25  per cent probability 
of occurring by chance  variation alone) . For live beech the mean counts 
2 in the north- and south-facing stands were 48 and 50  trees  per  100 m 
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respectively. However ,  pres ent data confirm the general impres sion of 
lower mean basal area of live beech on north-facing s ites  than on south­
facing s ite s :  21. 78  dm2 and 2 9. 06 dm2 per 100 m
2 
respectively (23 .34  dm2 
2 . and 30 .  42 dm for hve and dead beech taken together).  Thus ,  beech stems 
have greater basal area on south-facing slopes .  The mean count (68 ) 
and basal area (37 . 74 dm2) of all trees  on north-facing s ite s are slightly 
greater than c ount (64) and bas al area (35 .  83  dm2) on south-facing s ite s .  
In this c onnection Whittaker ' s  (1 956)  general statement that the 
number of tree  stems is greater in xeric sites than in mexic site s applies  
to  beech count data but not to all trees .  Greate r mean basal area and 
count of all trees  we re observed in north-facing site s of Cushetunk 
Mountain, New Jers ey, by Cantlon (1953)  with the mean count of 
Cornus florida excluded, but the mean count of beech on s outh-facing 
aspects was greater than that in north.-facing aspects .  The reve r s e  was 
true for basal area. 
Patte rns of size and inferred survivorship can be related to di stri-
butional patterns of  beech. Most of the sample areas contained stable 
primary and secondary diameter groups which showed little direct or  
indirect evidence of mortality. Typically there  is a mosaic pattern 
characterized by alternating high and low density patches ,  within which 
each stem or small groups of stems are randomly or even regularly 
dis tributed. The primary stable diameter groups seem to coincide with 
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the high density patches of 5-15 em beech. Within thes e  the stems are 
relatively small. The secondary size group s  of larger stems ( 15  o r  
2 5  em) i s  probably comprised  of the individuals or stems whic h may 
control the low density patches .  The unstable size group of small stems 
(mostly 0 - 5  em) common to all stands typifie s  the clump size which make s 
the small s cale of pattern, but may also be influenced by dense shade or 
gaps between crowns of large trees  which could provide micro-environmental 
contr•l of larger scales  of pattern as well. Since the trans ect grid sample 
for the analysis  of pattern and that for the survivor ship study are not 
drawn from the same source ,  the result of the patte rn analysis may not 
be repr esentative of a whole s tand. However, it r eveals s ome feature s  
of pattern of the stands and o f  high altitude beech fore sts .  
Controlling factors  of  pattern might concievably be systematic soil 
variation within the s ite s .  Some s oil variation is  undoubtedly pre sent, 
but may have been influenced by vegetational differenc e s .  The blowing of 
leaves and the influence of undercover vegetation are believed to favo r 
c omparatively homogeneous soil c onditions ,  with r elatively minor influ­
uence s  on soil mic roheterogeneity. Systematic soil variation s eems .a 
le s s  likely caus e than the existence of high and low density patche s in a 
mos aic pattern inher ent in the phases  of beech regeneration (Watt 1947) .  
Watt (1947) recognized cyclic regeneration in  European beech 
(Fagus sylvatica) , and he concluded that its cyclic nature was related to 
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senescence and suppression. On the basis  of the data of  thi s study it 
may be speculated that high dens ity patches made up of small trees  may 
be suppre s s ed by the large r trees  of low dens ity patches .  The high 
density patches are r eleased upon death of the larger individuals of the 
low density patches and these  in turn lo se most of their individuals 
through competition as the patch matures .  An underlying inte rpr etation 
of this s cheme is that suppres sion is predominately due to light or soil 
mois ture  relations. One or at most a few individuals then become mem-
ber s  of the dominating low density patche s of the next cycle. This specu­
lation could best be substantiated by extensive growth ring analysis of 
small plants from high density patche s and large plants from low density 
patche s .  
Field obs ervations on s outh-facing slopes suggest that the s ignificant 
primary scale of pattern of regenerating small beech trees  is centered 
near parent trees .  This tendency is  le s s  pronounc ed on north-facing 
slope s .  This coale s c ence among clumps or trees  may tend to induce 
random distribution most rapidly on north-facing stands and hasten the 
proce s s  of leveling out clump contrasts .  Among south-facing stands , 
the intensity of pattern is stronger in stand 3 than in stands 1 and 2. 
This could mean that the s ite of stand 3 is more favorable for forming 
clumps or  has had le s s  mediating of environmental differenc e s  than the 
two latter s ite s .  
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The cyclic  phase  of beech performance a s  postulated by Watt may 
well r elate to the systematic mosaic at block size 4 by 8 m or 4 by 16 m 
r elated to major canopy openings ,  such as  thos e  due to ice storms.  
The regular distribution of beech trees  within the primary clumps 
cannot result from r egular s e ed disper sal or complete covering of s eeds 
or  of sprouts on the ground. The most likely cause of the phenomenon 
s e ems to be vegetative spread and competition as observed, postulated, 
and des cribed by various workers  (Ashby 1948, Greig-Smith 1961, Thompson 
1958). Ker shaw' s (1963) emphasis  on the ' ' pos sible exis tenc e of the o rganic 
c onnection between a group of apparently distinct individuals which can be 
designated as a morphological pattern" s eems appropriate for beech 
sprouts ,  but the National Park was not a suitable place for digging out 
underground connections .  The regeneration of beech by root sucker s  from 
"feeding" roots of large trees  has been de scribed by many worke rs  (e. £• , 
Illick and Frontz 1928, Harlow and Har rar 1941) and presumably applies  in 
the Great Smoky Mountains as well. Another  means to test the hypothe sis  
of sprout connection beside s direct obs ervation of the root sucke r system 
of beech is the application of radioactive tracer to beech in both high and 
low density patches .  This test  should als o  prove or disprove the proposed  
morphological pattern of patch structure and his tory. 
According to the Greig-Smith (1952 .) and Ker s haw' s (1959) hypothesis  
on suc c e s sion, from both theo retical c onsiderations and field obse rvation, 
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initial woody colonization s ometime s may be random. Where re production 
is from the pionee r  plants ,  offspring form non-random groups  around 
parents and cause small s cale heterogeneity. Where  groups increase  in 
size, the non-randomnes s  shows an inc rease in scale of heterogeneity 
which is de signated "larger scale of pattern" . This disappea�s when the 
giroups  meet and s eemingly random distribution is obs erved. The proc e s s  
of dis appearance of non-randomne s s  can als o  b e  attributed to leveling out 
toward a homogeneous and favorable site over the whole area as develop­
ment proceeds . 
When invading species are unexacting ones ,  for which the area is  
well within the limits of  tolerance, we may expect that plants might 
c olonize in a nearly random manner in the area from the beginning. If, 
on the other hand, the habitat is  a marginal one for an invading species ,  
i t  may be expected to become es tablished only locally in slightly more 
favorable subareas within the stand----even it: the plantsi: ;occul" randomly- . 
within those  subareas.  This situation can thus show lar ger scale pattern 
at the start in the area as a whole , and may well apply to the scatterd 
islands of spruce and other species which reach better development 
elsewhere  than the beech gap s .  
If this hypothesis  is  tenable ,  the r e d  spruce aggregations in islands 
might also be explained ·either as a regeneration complex o r  as advancing 
or invading islands of suc c e s sional change in beech stands . The r ed 
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spruce aggregations are not observed in the most homogeneous subarea 
wher e  mosaic in beech i s  best developed, but often are on the border of 
the beech forest or  near to it. It i s  highly unlikely that spruce is  part of 
the normal regeneration complex within beech stands . 
The patterns of �a rubens seem to fit the above hypothes is .  The 
random dis tribution in the 4 by 32 m bl�cks in subarea SA suggests that 
the whole subar ea is  an unexacting one for spruce. The range of diamete rs 
of spruce  in the subarea i s  from 0. 5 to 1 1 . 4 em. In subarea 4C, there is  
a large s cale of pattern in  the 4 by 8 m blocks, but there is  also a pri­
mary scale of pattern in the 0. 5 by 1 m blocks. Subarea SA is cons idered 
to be in a more advanced stage than 4C. Here  the diameter of spruce  
range s from 1. 5 to  51. 2 em. In the same stand, subarea B shows four 
s ignificant scale s of pattern with the diameter ranging from 0. 5 to 47. 5 em. 
The patte rns cited above for spruce  repre sent the initial and intermediate 
s tage of group development by coniferous species .  The neighboring spruce 
s tands appear to have a typical randomnes s  in their distribution. 
Considering the nature of the beech population on the basis of 
Greig-Smith' s theoretical approach (1952b, 1 964) ,  the random distribution 
of individuals (e.  £• , in the north-facing slopes ) does not support the view 
of the community as a "complex organism" (Clements 1916 and Tansley 
1920). The indications of regular di stribution of the larger trees  which 
may sort out becaus e of competition and s ome clumping of smalle r trees  
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als o  do not support the iniividualistic view of the community {Gleason 
1 926,  Curtis and Mcintosh  1951, Brown and Curtis 1952 ,  Greig-Smith 
1952 , and Whittaker 1956) .  However ,  a synthesis  drawing on both 
views can be drawn from Watt!_s {1947 ) and Greig-Smith' s {1952 , 1 964) 
theoretical considerations of beech and as sociated populations,  irr e s ­
pective of just how vegetative r eproduction, competition, and other 
mechanisms act in the population and in the development and mainte ­
nance of community s tructure .  
VIII. CONCLUSIONS ABOUT METHOD 
AND SAMPLING EFFICIENCY 
The aim of ecology i s  to under stand fundamental principles co n­
trolling the structure ,  function, development, maintenance and di stribu­
tion of ecosystems . The flow of energy and nutrients through natural 
ecosystems , such as the high elevation beech and spruc e  fore sts , has 
been a c entral theme of continuing studie s by 'Ihe Univer sity of Tenne s s ee 
Botany Department. The present study was begun as a s tep toward 
under standing the sampling problems inhe rent in e stimating the nutrient 
pools and structure of stands like those  which r eceived special attention 
from Prof. R. E. Shanks. and cooperating investigator s .  As s e s s ment 
of the variability of the beech for ests was a neces sary firs t  step to 
generalizations about the forest  type. 
This chapter briefly summarize s a few of the many implications 
which this  s tudy will have for sampling and e stimation of plant biomas s ,  
chemical inventories ,  and other characteristics  of beech ecosystems.  
Thes e  implications would not all be  evident without the basic study of  
structure,  development, and maintenance of  beech communitie s and 
populations which have been emphasized in the pr evious chapte rs .  
Efficient sampling for either plant biomas s or  for investigating the 
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distribution of various kinds of stand components calls for under standing 
of the spatial distribution and hence the variance of beech and associated 
species .  Treating the enormous variatinn in living things does  not allow 
many simple approaches of phys ics  and formal logic. However, recent 
advance s  in statistics  do provide the mathematical technique s and logic 
of infer ence that can as s e s s  the intensity and scale of pattern in complex 
systems such as vegetation. 
This study had investigated this problem with r efer ence to concrete 
beech stands and to high elevation beech vegetation in the ab:s:tract s ense. 
Further use of methods illustrated here  will undoubtedly rai se  questions 
and provide clue s for further inve stigation. Studies  using these  mathe­
matical methods may also clarify clas sic que stions r egarding " succ e s s ion", 
"climax", and the nature of the " community" and its s tructure. 
A. Sampling the Finite Population of Individual Stands 
In many place s  in previous chapters  it has been convenient to 
expre s s  numbers and basal ar eas for individual plots (10 by 10 m, or 
sometimes 5 by 5 m or smaller  subplots ) .  The means for q of these  
plots are  taken as  representative of a finite population of  Q plots ,  
outlined in Fig. l. The sample fraction f = q/Q was of the order of 25  
per  cent. Thi s  portion of  the total population is known with c ertainty; 
sampling error about stand totals (or totals per hectare) Y for either 
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density or basal area arise s  from unce rtainty about the actual value of 
plots which were not sampled. Standard  errors  Sy of the e stimated 
stand total are slightly lower than the standar errors would have been 
' 
if a negligible percentage of the stand were r epresented in the sample-l/ 
lower by a facto r 1 - f (finite population cor :nection.) : 
s _  
y 
= _Q_s _ /1 - f 
..;q 
The 95 per cent confidence intervals in Table II we re calculated on a 
hectare basis  with this finite population correction taken into account, 
as  e s sentially equal to ± twice  this standard error. 
It turned out that 10 to 13  plots of  10 by 10 m we re  r equired (except 
in stand 4) in orde r  to get the 10 % sampling e r ror of both plot counts and 
bas al area for all trees  and for beech. In comparing alternative strategie s 
of sampling, an incr ease in numbers  of quadrats q not only increase s  the 
denominator in the preceding equation, but also  decreases  the standard 
error by increasing f. If more preci se  documentation we re  desired £or 
the s ake of knowing individual stands in more detail, the extra time 
could be spent in recording data in more plots ,  without very much rilor.e 
time spent in laying out the general grid. To do much more intensive 
s ampling than in the present study, however ,  might well have approached 
the point at which a complete census would have been as feasible. The 
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extra time spent in r ecording additional plots would have been partially 
offset by the use of a given set  of plot boundaries for more than one plot 
at a time. 
B .  Efficiency of  Stratified and Cluster Sampling 
For 10 by 10 m plots ,  counts of all tre e s  showed nine per cent gain 
in stand 2 and 27 per cent gain in stand 6 - - gain due to stratification 
into east and we st  sides of stands ( 10 plots each) as against  simple 
random sampling. For basal area of all trees  it indicate s 18 per cent and 
1. 6 pe r cent in stands 1 and 4 r e spectively. However, for othe r stands 
the .efficiency gain was very minor or negative for both count and basal 
area. Whatever their  efficiency i s ,  ther e  was ·generally no significant 
difference of variance between sides ove r  that within side s_ for both 
count and basal ar ea. 
With the same plot size,  s tratification for beech count sampling 
shows its gain in efficiency as  12 per cent, 66  per cent and 26 per cent 
in s ites 2, 4, and 6. and for the basal area s ampling it showed a 12 per 
cent gain in site 1. Gain in the res t  of the site s was negligible.  The 
improvement in efficiency in individual case s  would not warrant strati­
fied  s ampling in general. 
The ration of (standard error of the mean) / (mean) for plots of 
differ ent size IT5 by 5 m), (� by 10 m} , , 3 ( 5  by 5 m) and (10 by lO_mB 
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varied with s tand$ side : and attribute (density and basal area). In general 
the 5 by 5 m and 5 by 10 m plot sizes were more efficient fo r larger 
diameter cla s s e s  than for small one s .  A plot s ize of  5 by 5 m appar -
ently was not effie ient for stems smaller than 5.  0 em because of the 
high variance between plots which happened to include dense cluster s 
and other plots which did not. 
The ten 10  by 10  m plots are randomly located in both east and we st  
sides of  the stand, but the four elementary units of  5 by 5 m per  cluster 
are not independent of one another.  Therefore ,  s2 for the latter 40 units 
is not an unbiased  e stimate of variance from 40 simple random obse r -
vations with 5 by 5 m elementary units (Sukhatm e 1960} .  The estimated 
s 2 within clus ter s  is compared to the variance between clusters s 
2 
w c 
(Sukhatme 1960) by the ratio F1 in Table Xll. The value of the relative 
efficiency i s  obtained and repres ented in Table XII. 
Conside ring the count sampling of all trees  and beech the value of 
the relative efficiency ranges from 0. 42 to 0. 77 for all trees  and from 
0. 46 to 0.  71 for beech. Although the sampling fraction or  area i s  the 
same for both s imple random and random cluster sampling, the latter 
sampling reduces  the efficiency, as the figure show s .  In othe r words, 
if 40 units of 5 by 5 m are randomly located , the variance may range 
from 0.  42 and 0.  77 of that from the cluster sampling for all tree  count 
s ampling. 
Table Xll. Variance ratio of cluster to that of units (F)_) and relative effieiency (R.E. ) 
of clustering for counts (:C) and basal area (B) . 
SITE 
1 2 3 4 5 6 
c B c B c B c B c B c B 
.t\.11 tre e s  
Fl *2 . 98 0 . 59  
��2 . 6 9  0 . 9 3  ��2. 1 2 1 . 55  ����4. 1 2 1 . 1 4  ���:�4. 1 2 1 .  2 1  1 .  9 1  *�� 7 .  3 3  
R.E. 0 . 52 1 . 50 0 . 52 1 . 06  o .  77  o. 7 3 0 .42 0 . 90  0 .46 0. 8 6  0. 64 1 . 28 
Beech 
F1 �
:�*3 . 64 o.48 ���:�2. 59  1 . 3 1 �� 1 .  90 1 . 28 �:o:� 3 . 84  �:� 1 . 86  ��:.tc3 .28 0. 66  1 . 6 1  1 . 5 7  
R. E. 0 . 46 1 . 8 1  0 . 53  0 .82  0 .64  0 .8 3 0 .49 o. 62  o .  48 1 . 37 o. 7 1  0. 7 2  
�� 5% level of s ignificance 
*�� 1 o/o level of significance 
-.i:) 
CX> 
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The relative efficiency for basal area is  different from that for 
count. For all tree s ampling it range s from 0. 7 3 in stand 3 to 1. 50 in 
stand I .  In general the values for relative efficiency for basal area 
sampling are higher than those  for count sampling. The ten cluster s 
with four compact elementary units (5 by 5 rn) are not much les s  efficient 
than 40 random plots of 5 by 5 rn. It should be noted that cluster sampling 
for basal area increased the efficiency 50 per cent and 28 per cent in 
stands 1 and 6 over that of simple random sampling. Four count sampling 
clustering reduced the efficiency to approximately half that of simple 
random sampling except in stand 3. 
C. Comparison of Pattern Analysis Methods 
The results of an analysis of Morisita ' s index of disper s ion we re 
similar to those  of the Greig-Smith method of progr e s s ively nested 
quadrats .  More  example s of  regular distribution we re sugges ted by  
Morisita' s analysis.  Although it  can be applied to random quadrat s ample s 
for characterizing disper sion of sterns , Greig-Smith' s method is  mor e 
sensitive for detecting and interpreting mosaic pattern. 
IX. SUMMARY 
1 .  Six high elevation stands dominated b y  beech (Fagus grandifolia) 
in the Great Smoky Mountains (three south slope s ,  three north slope s ) 
were sampled in 1962.  The distributional pattern of stems of live and 
dead beech and a s sociated species  was studied • .  A complete map of all 
stems 1. 37 m (4. 5 feet) or mor e  high in a 5 by 100 m transect running up 
the cente r  of each s tand was used in analyzing the pattern of stem distri-
bution. Ten randomly placed s ample plots on each s ide of the transect  
provided estimates of density, basal area, analysis  of s ize s ,  survivor-
ship, and additional indic e s  of di sper s ion. 
2.  Bartlett ' s test  showed homogeneity among the variance s  of counts 
and basal area data for 10 by 10  m plots from the six stands for all beech 
and live beech. Analysis of variance and Duncan' s multiple range te st  
indicated significant differ ences  among some stand means for counts and 
bas al areas . 
3. The mean count of live beech ranged from 34. 7 to 68. 6 per 100  
s quar e  mete r s ,  mos tly in the 0-5  em size class. The mean basal ar ea for 
2 2 2 beech ranged from 16. 10 dm to 33.  03  dm per 100 m plot. 
4. The Chi - s quare  te sts for independence failed to show a consistent 
differ ence in proportion of dead beech between north-and south-facing site s . 
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However ,  there were some differences  among s ite s and between east and 
west  s ide s within stands. The same te st  als o  confirmed obvious differ­
ence s  between beech and non-beech which are  r elated to  the greater 
relative importance of as sociated species (e.  £• , Betula alleghaniensis 1  
Aesculus octandra,  � rubens ) in ;; orne north-facing stands. 
5.  Size clas s e s  of  live beech and infe rred survivorship (based on 
sizes of dead stems) wer e  studied from the random sample data. The 
curve s are characterized by the common primary unstable 
diamete r group (0. 1 - 6. 0 em) in all stands. Individuals growing through 
this s ize appear to suffer lower inferred mo rtality rate until they exceed 
1 5  em. 
6.  The randomnes s  and patte rns of live and dead beech of different 
diameter clas s e s  and of different specie s s tudied from the census data 
were inve stigated by the ratio of variance / mean for the ne sted blocks of 
plots and als o  by Morisita' s index of dispe rs ion. In north-facing stands 
the stems we re  generally mor e  randomly distributed than they were on 
south-facing stands.  Beech distribution involve s  complicated clumps ,  
expecially in subareas nearest  the ridge crests  in  the s outh-facing s ites .  
Dead beech dis tribution could not b e  distinguished from random distribution. 
The larger s tems  of all trees  and of living beech appear to have les s  
clumped · distributicn than�the smaller ones ,  perhaps becaus e the smaller 1 
denser  tree s crowd one another during maturation. Several scale s  of  
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pattern and alternating mosaics  of dense  and spars e  distribution were 
commonly detected, and may r e sult from vegetative r eproduction. They 
may also be an indirect morphological pattern r elated to release and 
competition. Species  other than beech also show highly clumped patterns. 
The implications of the patterns are di scus sed, and related to the evidence 
for high mortality of small ste ms (0-6  em diameter) and one or more 
s table age clas s e s  of larger diameter. The relation between di stribu­
tional pattern of stems and survivorship was dis cus sed  and possible 
relations to cyclic r egeneration we re suggested. 
7 .  The mosaic pattern of beech distribution i s  thought to  be the 
result of cyclic regeneration. It could develop unde r homogeneous 
edaphic c onditions ,  even if soil variation is not the caus e of the mosaic 
pattern. 
8 .  The ratio� of  (standard error of the m ean} / (mean) for plots of 
different size [5 by 5 m}, (5 by 10 m), 3 (5 by 5 m}, and {10 by 10 ml] 
varied with site , aspect, and attribute (density and basal area). In 
general the 5 by 5 m and 5 by 10 m plot sizes  were more efficient for 
larger diameter  clas s e s  than for small one s .  A plot size o f  5 by 5 m 
apparently was not efficient for stems smaller  than 5. 0 em because of 
the high variance between plots w hich happened to include dens e cluste rs  
and other plots which did not. 
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